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RECOMBINANT VACCINE AGAINST JAPANESE ENCEPHALITIS VIRUS 
(JEV) INFECTION AND A METHOD THEREOF 

Field of the invention 

5 The present invention relates to a method of preparing a novel recombinant adenovirus 
(RAdEs) vaccine to protect against Japanese encephalitis virus (JEV) infection. Also, it 
relates to a method of immunization and to the vaccine per se. 
Background and prior art references of the invention 

Japanese encephalitis virus (JEV) is a member of the flaviviridae family of animal 
10 vimses th^t consists of several viruses of immense medical significance such as those 
causing dengue and yellow fever. JEV, transmitted to human beings by mosquitoes, is 
responsible for an acute infection of the central nervous system resulting in 
encephalitis. The virus is active over a vast geographic area covering India, China, 
Japan and virtually all of the South-East Asia. Approximately 3 billion people live in 
15 JEV endemic area and up to 50,000 cases of JEV infection are reported every year, of 
which, about 10,000 cases result in fatality and a high proportion of survivors end up 
having serious neurological and psychiatric sequel (45). A mouse brain-grown, 
formalin-inactivated JEV vaccine is available internationally. However, this vaccine 
has limitations in terms of its high cost of production, lack of long-term immunity and 
20 risk of allergic reaction due to the presence of the murine encephalogenic basic proteins 
or gelatin- stabilizer (1, 33, 38, 39). There is, thus, an urgent need to develop an 
improved vaccine against JEV and several potential vaccines are currently being 
investigated in various laboratories (16). 

JEV contains a single-stranded, plus-sense RNA genome of -11 Kb. It consists of a 
25 single open reading frame that codes for a large polyprotein of 3432 amino acids which 
is CO- and post-translationally cleaved into three stmctural (capsid, C; pre-membrane, 
prM; and envelope, E) and seven non-structural proteins (NSl, NS2A, NS2B, NS3, 
NS4A, NS4B and NS5) (5, 44). In flaviviruses, E protein is involved in a number of 
important functions related to virus infection such as receptor binding and membrane 
30 fusion (26). Antibodies to the E protein were shown to neutralize virus activity in vitro 
as well as in vivo since passive administration of monoclonal antibodies to the E protein 
protected mice witli JEV infection (17). Furtliennore, sub-viral particles consisting of 
only the prM and the E proteins were highly effective in generating protective immune 
response in mice against JEV (18, 25). Chen et al (7) examined the potential of 
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various JEV structural and non-structural proteins for vaccine development. They 
concluded that the E protein was the single most important protein capable of inducing 
protective immunity against JEV. Accordingly, several plasmid vectors have been 
described synthesizing different forms of JEV E protein with or without prM protein 
5 and these provided protection of varying degree in mice against Japanese encephalitis 
(2, 6, 15, 20). 

In recent years, adenoviruses have shown great promise as vectors for recombinant 
vaccine development (3, 4, 8, 13, 35, 41, 42, 49). Besides being safe, these viruses 
have been shown to induce effective humoral and cellular immune responses in 

10 experimental animals when delivered orally, intra-muscular (EM), intra-peritoneal or 
intra-nasal (3, 21, 24, 40, 41, 50). In the present invention, we constructed RAdEa 
expressing the prM and the fiill length JEV E protein since it is known to induce 
neutralizing immune response. However, adenovirus recombinant (RAdEa) 
synthesizing the full-length protein (Ea) did not grow well. Besides it induced poor 

15 immune response and very little JEV neutralizing antibodies. The full-length E protein 
is membrane anchored and removing the anchor signal from it is likely to make it 
soluble and perhaps more immunogenic. 

On this premise, we tmncated the Ea protein to remove 102-amino acid hydrophobic 
sequence from the C-terminus of the protein to generate a 398-amino acid Es protein. 

20 Recombinant adenovirus RAdEs synthesizing JEV prM and Bs was found to grow very 
well in cultured cells and synthesize JEV E protein that was secreted into ttie medium. 
So, the removal of 102-amino acid hydrophobic sequence from the C-terminus of the 
protein played a critical role in smooth culturing of the recombinant Even the inventors 
were pleasantly surprised with this effect. 

25 Further, this recombinant adenovirus, synthesizing a novel form of JEV E protein that 
was secretory as opposed to the anchored protein in the normal course, was highly 
immunogenic in mice. RAdEs induced high titers of JEV neutralizing antibodies and 
protected the immunized mice against leflial JEV challenge demonstrating its potential 
use as a vaccine against JEV mfection. The highly immunogenic effect of the 

30 recombinant helped acehive the desired results, which were long awaited by the 
scientific community. 

The infection caused by JEV is fatal in nature and absence of long-term immunity had 
added to the problem. The allergic reactions to the known vaccine had further 
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compounded the problem. However, administeration of the vaccine of instant invention 
is been found to be absolutely safe and free from adverse effects. 
Objects of the invention 

The main object of the present invention is to develop a recombinant adenovirus 
5 (RAdEs) vaccine against JEV infection. 

Another main object of the present invention is to develop an effective and superior 
method of immunization to Japanese encephalitis virus (JEV) infection. 
Yet another object of the present mvention is to develop a plasmid pAdEs of SEQ ID 
No. 1. 

10 still another object of the present invention is to develop a method of preparing a 
recombinant adenovirus (RAdEs) vaccine to protect against Japanese encephalitis virus 
(JEV) infection. 
Summary of the invention 

The present invention relates to development of a novel recombinant adenovirus 
15 (RAdEs) vaccine against Japanese encephalitis virus (JEV) infection. 
Detailed description of the invention 

Accordingly, the present invention relates to a novel recombinant adenovirus (RAdEs) 
vaccine against JEV infection; an effective and superior method of immunization to 
Japanese encephalitis virus (JEV) infection; also, a plasmid pAdEs of SEQ ID No. 1; 

20 and lastly, a method of preparing the recombinant adenovirus (RAdEs) vaccine. 

In the main embodiment of the present invention, it relates to a method of preparing a 
recombinant adenovirus (RAdEs) vaccine to protect against Japanese encephalitis virus 
(JEV) infection, wherein the said vaccine produces secretory envelop protein of JEV, 
said mettiod comprising steps of: 

25 • digesting plasmid pMEs with restriction enzymes Kpn I and Bam HI 

to obtain cDNA encoding JEV proteins prM and Es, 

• ligating the cDNA to adenovirus shuttle plasmid pShuttle digested 
with restriction enzymes Kpn I and Hind in at the Kpn I end, 

• filling nucleotides at the free Bam HI and Hind HL ends with T4 
30 DNA polymerase to create blunt ends, 

• ligating the blunt ends together to yield shuttle plasmid pSEs with 
JEV cDNA encoding the proteins prM and Es, 



wo 2005/065707 PCT/IN2004/000432 

4 



• digesting flie shuttle plasmid pSEs wifli restriction enzymes I-Ceu I 
and Fl-Sce I to obtain expression cassette containing die JBV cDNA 
together with the CMV promoter/enhancer and BGH 
polyadenylation signal, 

• ligating the digested shuttle plasmid with l-Ceu I and Fl-Sce I 
digested adenovirus plasmid pAdeno-X to generate plasmid pAdEs 
containing the Es expression cassette, 

• digesting the plasmid p AdEs with Pac I, 

• transfecting the monolayers of HEK 293 cells with digested plasmid 
pAdEs for about one week, and 

• obtaining the recombinant virus RAdEs vaccine. 

In another embodiment of the present invention, the transfection is at about 37^C 
temperature. 

In yet another embodiment of the present invention, the secretory proteins are under the 
control of human CMV IE promoter/enhancer. 

In another main embodiment of the present invention, the invention relates to a 
recombinant adenovirus (RAdEs) vaccine. 

In yet another embodiment of the present invention, the vaccine produces secretory 
envelop protein (Es) of JEV. 

In still another embodunent of the present invention, the vaccine protects against 
Japanese encephalitis virus (JEV) infection. 

In still another embodiment of the present mvention, the vaccine is effective by intra- 
muscular route of administration. 

In another main embodiment of the present invention, the invention relates to a plasmid 
pAdEs of SEQ ID No. 1 . 

In another main embodiment of the present invention, flie invention relates to an 
effective and superior method of immunizing a subject m need thereof, to Japanese 
encephalitis virus (JEV) infection, said method comprising the step of administering a 
pharmaceutically effective amount of recombinant virus RAdEs vaccine optionally 
along with additive(s) to the subject intra-muscularly. 

In yet another embodiment of the present invention, the method shows 100% efiBcacy. 
In still another embodiment of the present invention, the method helps protect subject 
against Japanese encephalitis. 
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In still anottier embodiment of the present invention, the subject is animal. 

In still another embodiment of the presfent invention, the subject is a human being. 

In still another embodiment of the present invention, the immunization activates both 

humoral and cell-mediated immune responses. 

In still another embodiment of the present invention, the humoral response to the 
vaccine is antibody IgGl type. 

In still another embodiment of flie present invention, the method leads to high amount 
of IFN-gamma secretion. 

In still another embodiment of the present invention, the immunization leads to IL-5 
secretion at moderate levels. 

In still another embodiment of the present invention, increased amounts of RAdEs lead 
to higher inmiune response. 

In still another embodiment of the present invention, the method is more effective than 
the commercially available vaccine. 

Replication-defective recombinant adenoviruses (RAds) were constructed that 
synthesized the pre-Membrane (prM) and envelope (E) proteins of Japanese 
encephalitis virus (JEV). Recombinant virus RAdEa synthesized Ea, the membrane- 
anchored form of the B protein, and RAdEs synthesized Es, the secretory E protein. 
RAdEa replicated poorly in human embryonic kidney (HEK) 293A cells and 88-folds 
lower titers of the virus were obtained compared to RAdEs. RAdEa also synthesized 
lower amounts of E protein in HEK 293 A cells as judged by radioimmunoprecipitation 
and immunofluorescence studies. 

Mice were immunized intra-muscular (IM) and orally with RAds. Oral route of vims 
delivery induced low titers of anti-JEV antibodies that had only litfle JEV neutralizing 
activity. IM immunizations with both RAdEa and RAdEs resulted m high titers of anti- 
JEV antibodies. Interestingly, RAdEa induced very low titers of JEV neutralizing 
antibodies whereas RAdEs inoculation resulted in high titers of JEV neutralizing 
antibodies. Splenocytes from mice immunized IM with RAds secreted large amounts of 
interferon-y and moderate amounts of interIeukin-5. These splenocytes also showed 
cytotoxic activity against JEV-infected cells. Mice immunized IM with RAdEs showed 
complete protection against the lethal dose of JEV given intra-cerebral. 



wo 2005/065707 



6 



PCT/IN2004/000432 



Brief description of the accompanying drawings: 

Fig. 1 shows Growth of RAds in HEK 293 A cells. Monolayers of HEK 293 A cells in 
35-nnn tissue culture dishes were infected with RAds at a multiplicity of infection 
(MOI) of .1 and incubated at 37 ^'C in 3 ml culture medium. At 6 hr interval the cell 
5 monolayers were lysed in the culture medium by Ihree cycles of freeze-thawing. The 
cell lysate was centrifuged to remove the debris and the supernatant assayed for 
adenoviras titers on HEK 293A cells. Shown in the figure are virus titers at various 
time points. 

Fig. 2 shows Syntiiesis of JEV proteins in HEK 293 A cells infected with RAds. HEK 

10 293 A cells were infected with JEV or RAds at a MOI of 1. Cells were labelled 24 hr 
later by growth in medium containing ^^S-methionine and ^^S-cystine. After labeling, 
culture supematant (CS) and cells were harvested separately. Cells were washed with 
PBS before the cell lysate (CL) . was. made. CLs and CSs were used for 
immunoprecipitation of JEV proteins with mouse anti-JEV serum. The proteins were 

15 separated on a 12% SDS-polyacrylamide gel and autoradiographed. Lanes containing 
proteins precipitated from JEV-, RAdEa- or RAdEs-infected or uninfected cells have 
been identified. Position of JEV proteins has been indicated at the left. Ea, Es and prM 
proteins synthesized by RAds have been indicated. The values on the right are 
molecular size markers in kD.a. 

20 Fig. 3 shows Immunofluorescent staining of virus-mfected cells. HEK 293 A cells were 
infected with RAds or JEV at a MOI of 1. The cells were fixed and permeabilized 24 
hr. later and stained with mouse anti-JEV serum followed by FITC-conjugated goat 
anti-mpuse-IgG. They were then observed under a microscope using ultra-violet light 
Panel A3 RAdEa-infected cells; panel B, RAdEs-infected cells; panel C, JEV-infected 

25 cells and panel D, uninfected cells. 

Fig. 4 shows Antibody response in mice. BALB/c mice were immunized with RAdEa, 
RAdEs or with the vaccine by IM or oral route of inoculation. The dosages of the 
immunogens (in PFU for RAds) and the routes of inoculation have been indicated 
below the figure. *indicates oral iixmiunization where virus was diluted in 100 xnM 

30 Sodium bicarbonate buffer (pH 8.9). The primary immunization was followed by 
booster doses that were given 21 and 36 days later. Mice were bled at day 20, 28 and 
44 post-immunization and sera stored at -70 "^C. Serial two-fold dilutions of sera 
(starting at 1:25) were assayed for tiie end-point anti-JEV antibody titers by ELISA. 
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Shown above are mean end-point titers of sera obtained from immunized mice as 
indicated below the figure. The open bars represent titers on day 20, the gray bars 
represent titers on day 28 and black bars show titers on day 44 post-immunization. 
Fig, S shows Isotype analysis of anti-JEV antibody produced by immunized mice. 
5 B ALB/c mice were immunized with RAdEa, RAdEs or with the vaccine by IM or oral 
route of inoculation. The dosages of the immunogens (in PFU for RAds) and the routes 
of moculation have been indicated below the figure. The primary immunization was 
followed by booster doses given 21 and 36 days later. Mice sera obtained on day 44 
post-immunization were assayed for the end-point ELISA titers of anti-JEV IgGl and 

10 IgG2a antibodies. Serial two-fold dilutions of sera (starting at 1:25) were assayed for 
the end-point titers. The ELISA titer was recorded as zero if the 1:25 dilution of sample 
was negative in ELISA. Shown in tihe figure are mean end-point titers of sera obtained 
firom immxmized mice as indicated below the figure. The open bars represent IgGl 
titers and the gray bars represent IgG2a titers. The inverted triangle indicates zero mean 

15 titer.. 

Fig. 6 shows JEV neutralizing antibody response m mice. BALB/c mice were 
immunized with RAdEa, RAdEs or the vaccine by IM or oral route of inoculation. The 
dosages of the immunogens and the route of inoculation have been indicated at the top 
of the figure. The primary immunization was followed by booster doses given 21 and 

20 36 days later. *indicates oral immunization where virus was diluted in 100 mM 
Sodium bicarbonate buffer. Mice were bled on day 44 post-immunization and sera 
stored at -70 **C. Serial two-fold dilutions of sera (startmg at 1:10) were assayed for 
end-point JEV neutralization titers by plaque reduction neutralization assays. Shown in 
the figure are mean JEV neutralization titers of semm samples from inununized mice, 

25 Fig. 7 shows Cytokine production by splenocytes from immunized mice. BALB/c mice 
were immunized with RAdEa, RAdEs or the vaccine by IM or oral route of inoculation 
as indicated at the top of the figure. These mice were given two booster doses as 
described in the methods. One week after the second booster dose splenocytes fix)m 
two mice (indicated by gray and black bars) from each immunization group were 

30 cultured in presence of JEV. Culture supematantei were collected each day and stored 
at -70 **C. These were then assayed for IFN-y, IL-4 and IL-5. Shown in the figure are 
the levels of IFN-y and IL-5 in splenocyte cultures on various days after incubation 
with JEV. The days are numbered at the bottom of the panel. 
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Fig. 8 shows CTL activity in immumzed mice. BALB/c mice were immunized with 
RAdEa or RAdEs by IM route of moculation. These mice were given two booster doses 
as described in the methods. One week after the second booster dose splenocytes from 
two mice (indicated by gray and black bars) from each immunization group were 
5 cultured in presence of JEV for the generation of effector cells. Shown in the figure is 
tiie CTL activity of splenocytes at various ratios of effector cells to target cells (E : T) 
which are indicated at the bottom of the panels. 

Fig. 9 shows Mice survival after challenge. Groups of 6-8 BALB/c mice were 
immunized with various . dosages of RAdEa and RAdEs through IM or oral route. 

10 These mice received two booster doses of the immunogen on day 22 and 36 post- 
immunization. Mice were challenged on day 44 post-immunization with 100 LD50 
(50%-leflial dose) of JEV given intra-cerebrally. Mice were observed for mortality for 
the next three weeks. Shown above is the percentage of surviving mice at a given time 
point. Immunogen dose and route of inoculation have been indicated, ^indicates oral 

15 delivery of RAdEs along with the bicarbonate buffer. 

The invention is fiiriher elaborated with the help of experimental data, as presented 
below in the form of examples. However, the examples should not be construed to limit 
the scope of the invention 
Example - 1 

20 JEV and cells: The GP78 strain of JEV was used in these studies (44). The virus was 
grown in neonatal mouse brain. The brain from infected mice was homogenized as a 
10% suspension in Eagle's minimal essential medium (EMEM). The suspension was 
centrifuged and filtered through 0.22 \xm sterile filters. The vkus was stored at -70 "^C 
in aliquots. Virus titration was carried out by plaque assay on porcine stable kidney 

25 (PS) monolayers as described previously (43). Adenovirus was grown in human 
embryonic kidney (HEK) 293A cells (Quantum Biotechnologies Inc.) cultured in 
Dulbecco's modified Eagle's medium pMEM) supplemented with 10% fetal calf 
serum (PCS). 
Example - 2 

30 Construction of recombinant adenoviruses: Recombinant adenoviruses were 
constmcted using the Adeno-X expression system (BD Biosciences) that utilized a 
ligation-based strategy for producing recombinant virus. Using this system a 
mammalian expression cassette containing the cDNA encoding JEV E protein was 
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incorporated into a replication incompetent ( El/ E3) human adenovirus type 5 (Ad5) 
genome. Two recombinant adenoviruses (RAds) were made; RAdEa, synthesizing JEV 
prM and the membrane-anchored E protein, and RAdEs, synthesizing prM and the 
secretory E protein. Piasmids pMEa and pMEs that contained Oxe cDNAs encoding 
5 JEV prM and the membrane-anchored (Ea) or secretory E protein (Es), respectively 
have been described previously (15). Plasmid pMEa was modified by site-directed 
mutagenesis to contain SLnAflU restriction site down-stream of the 3 '-end of the JEV 
cDNA past the Bam HI site. The JEV cDNA encoding the prM and Ea proteins was 
excised from the mutated pMEa as a Kpn l-AflU fragment and cloned at these sites in 

10 the adenovirus shuttle plasmid pShuttle (BD Biosciences) imder the control of human 
cytomegalovirus (CMV) immediate early (IE) promoter/enhancer to yield plasmid 
pSEa. The shuttle plasmid pSEa contained the bovine growth hormone (BGH) 
polyadenylation signal downstream of the cloned JEV cDNA. The cDNA encoding 
prM and Es sequence was obtained by digesting pMEs witii Kpn I and Bam HI. This 

15 cDNA fragment was ligated to the adenovirus shuttle plasmid, pShuttle, digested with 
Kpn I and Hind III at the Kpn I end. The free Bam HI and Hind m ends were 
nucleotide filled with T4 DNA polymerase and the blunt ends so created were ligated 
together to yield plasmid pSEs where JEV cDNA encoding prM and Es was under the 
control of human GMV IE promoter/enhancer. The shuttle plasmid pSEs contained the 

20 BGH polyadenylation signal downstream of the cloned cDNA. The junctions of the 
shuttle plasmid and the cDNA insert were sequenced to confirm the presence of the 
cDNA in correct frame. The piasmids pSEa and pSEs were digested with I-Ceu I and 
Pl-jSce I to obtain flie expression cassettes containing the JEV cDNA together with 
CMV promoter/enhancer and BGH polyadenylation signal. These were then ligated 

25 with I-Ceu I and PUSce I digested adenovirus plasmid pAdeno-X (BD Biosciences) to 
generate piasmids pAdEa and pAdEs containing the Ea and Es expression cassettes, 
respectively. Monolayers of HEK 293A cells were transfected with Pac I digested 
pAdEa and pAdEs using Effectene (Qiagen) and incubated for a week at 37 ''C. By this 
time, RAd plaques had begun to show. The cell monolayers were harvested in culture 

30 supernatant, frozen-thawed ftrice and centrifuged to obtain Hie released crude 
recombinant virus fliat was amplified once in HEK 293A cells and subjected to 2 
rounds of plaque purification to obtain recombmant viruses RAdEa and RAdEs. 
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Example - 3 

Radioimmunoprecipitation: Synthesis of JEV proteins by RAdEa and RAdEs was 
studied by infection of HEK 293A cells followed by radiolabelling and 
immunoprecipitation. Briefly, monolayers of HEK 293 A cells were infected with virus 

5 at a multiplicity of infection (MOV) of 1 and incubated at 37 **C. After 24 hr, the cell 
monolayer was radiolabelled by growing in presence of 100 fiCi of Easytag™ 
EXpre^^S^^S protein labeling mix (NEN) for 4 hr. The culture supernatant was 
harvested and stored at -70 ''C. The monolayers were harvested in 500 jil of 
radioimmunoprecipitation assay buffer (10 mM Tris-HCl pH 8.0, 140 mM NaCl, 5 mM 

iO lodoacetamide, 0.5% Triton X-100, 1% Sodium dodecyl sulphate (SDS), 1% Sodium 
deoxycholate, 2 mM Phenylmethylsulfonyl fluoride). Immxmoprecipitation was carried 
out using mouse anti-JEV serum (ATCC) and Protein A Sepharose beads (Amersham). 
Immunoprecipitated proteins were electrophoresed on a 12% SDS-polyacrylamide gel 
that was dried before exposing to X-ray film for autoradiography. 

15 Example -4 

Immunofluorescent staining: Monolayers of HEK 293A cells were infected with 
RAdEa, RAdEs or JEV at a MOI of 1. The cells were fixed the next day with 2% 
Parafonnaldehyde and permeabilized with 0.1% Triton-X 100. These cells were then 
stained by incubation with, mouse anti-JEV serum (ATCC) followed by anti-mouse 
20 IgG-FITC conjugate (Dako) and observed under a microscope using ultra-violet light. 
Example -5 . 

Mice immunization and challenge experiments: All immxmizations were carried out 
on 4-5-week-old inbred BALB/c mice. Each inraiunization group consisted of 6-8 
mice. For IM immunizations, mice were injected in the hind legs with different 

25 amounts of RAds diluted in 100 jil phosphate-buffered saline (PBS) using a 30G 
needle. Another group of mice was immunized with the mouse brain-derived, 
formalin-inactivated JEV vaccine manufactured by the Central Research Institute, 
Kasauli (fimdia). Each mouse was given an IM injection of 100 ^tl of the vaccine that 
was 1/10*^ of the recommended adult human dose. For oral inmiunizations, water was 

30 withdrawn firom the mice cages for 6-8 hr and then 200-400 ^1 virus diluted in PBS or 
100 mM Sodium bicarbonate buffer (ph 8.9) was administered per oral using a mouse- 
feeding needle that had a small balloon at the point of ttie delivery. Two booster doses, 
given 3 and 5 weeks after the primary immunization, contained the same amount .of 
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immunogen as the primary dose. At 44 days post-immimizatidn^ mice were challenged 
with intra-cerebral inoculation of the lethal dose off JEV. These mice were observed for 
mortality for the next 3 weeks. 
Example - 6 

5 Antibody assays: Titers of anti-JEV antibodies were assayed using an enzyme-linked 
immxmosorbent assay (ELISA). An ELISA plate was coated with C6/36 cell-grown 
JEV overnight at 4 in 0.2 M Sodium carbonate buffer, pH 9.6 (36). The plate was 
washed with PBS containing 0.1% Tween-20 (PBS-T) thrice and the wells were 
blocked with 1% Lactogen m PBS-T at 37 for 2 hr. The plate was again washed 

10 with PBS-T thrice and incubated with 100 |il diluted mice sera per well at 37 ^'C for 1 
hr. Serial two-fold dilutions of sera were assayed starting at a dilution of 1:25. The 
plate was then washed thrice with PBS-T and 100-|li1 anti-mouse antibody conjugated to 
horse radish peroxidase (HRP) (Dako), diluted 1 :2000, was added per well, followed by 
incubation at 37 "'C for 1 hr. The antibody-conjugate was removed by washing the 

15 plate thrice with PBS-T. The plate was then incubated in dark with 100 |il per well of 
the substrate p-Phenylenediamine dihydrochlorid^ (0,5 mg/ml) prepared in citrate 
buffer (1% Citric acid and 1.46% Disodium hydrogen phosphate) at room temperature 
for 10 min. The reaction was stopped by adding 50 ^1 of 5 N Sulfuric acid. The 
absorbance was read at 492 nm in an ELISA plate reader (Spectramax). The reciprocal 

20 of the highest serum dilution giving an optical density at least twice that given by the 
reagent blanks was taken as the ELISA end-point 

The antibody isotyping ELISAs were carried out in a similar fashion, except that in 
place of anti-mouse IgG-HRP conjugate, anti-mouse IgGl-HRP or the IgG2a-HRP 
conjugate (Pharmingen) was added. This was followed by the incubation with tiie 
25 substrate and color development as above. 
Example - 7 

Plaque reduction neutralization assay: Two fold serial dilutions of sera from the 
immunized mice (starting from 1:10) were prepared in EMEM containing 5% PCS and 
antibiotics. Diluted sera were incubated at 56 °C for 30 min to inactivate the 
30 complement. The serum sample (100 jiil) was then mixed with equal volume of JEV 
culture supernatant containing 100 plaque-forming units (PFU) of the virus. The virus- 
antibody mixture was incubated at 37 **C for 1 hr before adding to a 35-mm dish 
containing --70% confluent monolayer of PS cells. Hie plaque assay was carried out as 
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described, (43). Percent neutralization was calculated by counting the number of 
plaques in the presence and the absence of the mouse serum. All assays were done in 
duplicates. Reciprocal of the highest serum dilution giving 50% neutralization was 
taken as the JEV neutralization titer. 
5 Example -8 

Cytokine ELISA: Spleen cell suspensions were prepared in KPMI 1640 supplemented 
with 10% PCS and 6x10^ splenocytes were incubated with BxlO'^ PFU of JEV or E. 
co/z-synthesized JEV E protem (10 p,g/ml) in a 35-mm dish at 37 ^C. Aliquots of 
culture supernatant were removed every day for the next 4 days and stored at -70 **C. 
10 Interleukin (IL)-4, IL-5 and interferon (IFN)-y were assayed using BD OptEIA kits (BD 
Biosciences) and as per the assay protocols. 
Example .-9 

Cytotoxic T lymphocyte (CTL) assay: Standard ^^Cr-release method as described 
previously (15) was used for the CTL assays with some modifications. Briefly, for 

15 preparation of the responder cells, 3x10'' splenocytes were incubated for 4 days with 
3x10^ PFU of JEV in a 35-mm dish in RPMI 1640 medium supplemented with 
antibiotics, 0.5 mM P-Mercaptoethanol, 0.32 mg/ml L-Glutamine, 0.1 mg/ml non- 
essential amino acids, 0.12 mg/ml Sodium pyruvate and 5% PCS at 37 ^C. The cells 
thujs generated were referred to as tiie effector cells. Vhiis-infected target cells were 

20 prepared by infecting P388D1 cells with JEV for 48 hr at a MOI of 1 foDowed by 
incubation with 100 jiCi of Na2^^Cr04 (MEN) and subsequent washings to remove free 
^^Cr. 

For carrying out the CTL assay, various numbers of effector cells were incubated at 
37*'C for 6 hr with 2x10^* ^^Cr-labelled virus-mfected cells by briefly centrifuging fliem 

25 at 1 00 g for 4 min in a 96-well round bottom plate. At the end of the incubation period, 
100 III of cell-free supernatant was removed and the ^^Cr release was coxmted using a 
gamma counter (LKB). Triplicate estimations were done in all the assays and the 
percentage lysis was calculated using the following formula. Percent lysis = [(q)m 
released in the presence of effector cells - cpm released due to spontaneous 

30 leakage)/(total cpm released by 0.2% Triton X-100 lysis - cpm released due to 
spontaneous leakage)] x 100. 

Statistical analysis: The statistical significance of different findings between mouse 
groups was determined by Student's / test. P <0.05 was considered to be significant. 
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Example- 10 

Replication of RAds and synthesis of JEV proteins: The JEV E protein is 500 amino 
acids long membrane-anchored protein. We have earlier shown that deletion of the C- 
terminal 102 amino acids of JEV E protein leads to efficient secretion of the truncated 

5 protein into the cell surroundings (15). We had also shown that quality of immune 
responses in mice induced by the secretory E protein were different ifrom those induced 
by the membrane-anchored E protein (15). Besides, vaccinia recombinants expressing 
the secretory E protein of Japanese encephalitis or Dengue viruses devoid of the 
membrane anchor sequence were found to be highly immunogenic in mice (14, 27, 37). 

10 We, therefore, constructed two recombinants, RAdEa synthesizing prM and Ea (fiiU- 
length membrane-anchored JEV E protein) and RAdEs synthesizing prM and Es (398 
amino acid secretory E protein). The JEV prM was included in our constructs as its co- 
synthesis was necessary for correct processing and folding of the E protein (18, 25). 
The presence of appropriate JEV cDNA in genomes of RAds was established by 

15 polymerase chain .reaction using JEV genome sequence-specific oligonucleotide 
primers. 

Replication of RAds was studied in HEK 293 A cells infected at a MOI of 1 . Figure 1 
shows that a major burst in viral titers was observed both for RAdEa and RAdEs 
between 1 8 and 24 hr post-infection (PI) after which there was only a marginal increase 

20 in titers. RAdEs titer was '-40-fold higher than that of RA.dEa at 24 hr PI. Following 
the vims replication, the cytopathic effects were first visible at 30 hr PI for both RAdEa 
and RAdEs. The cytopathic effects had become highly pronounced by 42 hr PI when 
almost 80% cells had come off the surface of the tissue culture plates. At this time 
point titer of RAdEs was 1.2x10'' PFU/ml, which was 88-times higher than that of 

25 RAdEa. These results showed that compared to RAdEs, RAdEa replicated poorly in 
HEK 293 A cells. We studied four independent isolates of RAdEa and found all them to 
be slow growers. 

The synthesis of JEV proteins by RAds was studied in HEK 293A cells that were 
infected with different viruses followed by radiolabelling and immunoprecipitation of 
30 JEV proteins using mouse anti-JEV serum. Figure 2 shows that RAdEa-infected cell 
lysate had 2 proteins of apparent molecular masses of 51 and 23 kDa that corresponded 
with JEV E and prM proteins. None of these proteins were detectable in the culture 
supernatant of the infected cells. The RAdEs-infected cell lysate showed the synthesis 



wo 2005/065707 PCT/IN2004/000432 

14 

of Es and prM proteins of apparent molecular masses of 45 and 23 kDa, respectively. 
The culture supernatant from the RAdEs-infected cells had a significant amount of Es, 
indicating that the E protein synthesized by RAdEs was secretory. 
Use of increased amounts of anti-JEV antibody and Protein A Sepharose in 

5 immunoprecipitations did not result in precipitation of enhanced amounts of E protein 
indicating that flie amounts of these reagents used were not limiting. Scanning of the 
autoradiograph with optically-enhanced densitometer using 'Diversity One' software 
(version 1 .6, PDI, New York) followed by calculations based on the volumes of the 
lysate or the supernatant loaded on the gel, suggested that flie secretory E protein 

10 present in the culture supernatant constituted about 76% of the total E protein 
synthesized by RAdEs-infected cells. Furthermore, levels of total Es protein synthesis 
were around 20-fold higher than the levels of Ea protein. Immunofluorescent staining 
of RAdEa- and RAdEs-infected HBK 293 A cells further confirmed that levels of Ea 
protein were significantly lower than that of the Es protein (Figure 3). The lower levels 

15 of Ea synthesis may be related to the poor growth of RAdEa in HEK 293 A cells. 

We found that RAdEa synthesizing the membrane-anchored E protein grew slowly and 
achieved 88-fold lower titers in HEK 293A cells when compared with RAdEs 
synthesizing the secretory E protein. Infection of HEK 293A cells with the 
recombmants followed by radioimmunoprecipitation of JEV proteins showed that 

20 RAdEa synfliesized lower amounts of JEV E protein. This was conroborated by the low 
levels of immunofluorescence on RAdEa-infected HEK 293A cells when compared 
with RAdEs-infected cells. HEK 293 A cells support replication of El -deleted RAds 
reported in this work as these cells contain Ad5 El transcription unit permanently 
integrated in them. In other mammalian cells these RAds are unable to replicate for the 

25 want of the El sequences. However, rapression of the foreign gene does take place, 
which is under the independent control of the CMV EE promoter. We have studied 
expression of JEV E protein by RAds in PS cells by immunofluorescence and 
radioimmunoprecipitation. No significant differences were found in the levels of E 
protein synthesis in PS cells infected with RAdEa or RAdEs at a MOI of 1. 

30 The adenovirus vector used in our studies had deletions in both the El and E3 
transcription units that allow packaging of up to 8 Kb foreign DNA in the recombinant 
virus. The size of JEV expression cassette inserted in RAdEa was '-3.3 Kb which was 
well within the packaging limits of the recombinant virus, Ihe reason for lower titers of 
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RAdEa in HEK 293A cells is, Aus, not clear. Previously, we found no differences in 
the levels of expression of membrane-anchored or secretory E protein of JEV when 
HEK 293A cells were transfected widi expression plasmids containing the Ea or Es 
genes under CMV IE promoter (15). This observation together with our results in the 
PS cells on E protein synthesis indicates that lower levels of E protem synthesis by 
RAdEa in HEK 293 A cells are related to the low levels of its replication. 
Example - 11 

Anti-JEV antibody response in mice immunized with RAds: Groups of BALB/c 
mice were immunized with RAdEa or RAdEs delivered orally or IM. The antibody 
response of these mice was compared with tiiose immunized with formalin-inactivated 
cotnmercial JEV vaccine. Serum samples collected from mice at various time points 
were assayed for anti-JEV end-pomt ELISA titers. Figure 4 shows that anti-JEV 
antibodies were detectable in all immunization groups on day 20 post-immunization 
and these titers increased further on days 28 and 44 post-immunization following the 
booster doses. Compared to IM immunization, antibody titers were drastically low in 
mice immunized orally with RAds. For example, compared to oral inmiunization, 
1x10^ PFU of RAdEs given IM induced -60-fold higher antibody response on day 44. 
For both the oral as well as IM immunizations, higher antibody titers were obtained 
when higher doses of RAd were used. No significant differences were seen in day 44 
anti-JEV antibody titers of mice immunized IM with 7.5x10^ PFU of RAdEa or 
RAdEs. IM immunizations with RAds induced significantly higher antibody titers than 
those induced by IM inoculation of the vaccine. Thus, the lower dose of RAdEa and 
RAdEs (7.5x10^ PFU) gave ~ 60-fold higher antibody titers after tiie second booster 
when compared with the titers obtained with the vaccine. At the higher dose of 1x10* 
PFU, RAdEs induced ~250-fold higher titers than the vaccine on day 44. 
Some investigators have carried out oral immunization of mice with RAds using 
Sodium bicarbonate buffer to neutralize the acid pH of the stomach (11, 40, 47). 
However, there are others who have carried out oral immunization of mice with RAds 
without the use of any buffer (3, 9, 42, 48). We have compared the immunogenicity in 
mice of RAdEs given orally (1x10^ PFU) with or without the bicarbonate buffer. 
Figure 4 shows that no advantage was offered by the use of bicarbonate buffer during 
oral immunization with RAdEs. In fact, no effect of booster doses was seen when 
RAdEs was delivered orally using bicarbonate buffer and antibody titers on day 44 
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post-immunization were Tower than in those mice that received the virus without 
bicarbonate buffer. 
Example -12 

Isotypeanalysesofanti-JEV antibody produced by immunized mice: In order to 
5 analyze tiiie quality of immune responses generated by the RAds, end-point titers of 
anti-JEV IgGl and IgG2a antibodies were determined by ELISA. Figure 5 shows that 
at lower dose of RAds given orally (3x10^ PFU) titers of anti-JEV IgGl and IgG2a 
antibodies were below 25, When a higher dose of RAdEs (1x10* PFU) was given 
orally, the majority of antibodies were of IgGl type; the ratio of IgGl/IgG2a titers in 

10 this case was 6.48 indicating a Th2 type of immune response. When RAds were 
delivered through IM route, the anti-JEV antibody response was almost exclusively of 
IgGl type. In case of mice immunized IM with RAdEa (7.5x10^ PFU), IgGl/IgG2a 
titer ratio was 68 and it was 64 in flie case of RAdEs (7.5x10^ PFU)-immunized mice. 
At higher-dose of 1x10^ PFU, RAdEs again induced predominantly IgGl type of anti- 

15 JEV antibodies; the ratio of IgGl/IgG2a titers in this case was 25. These results 
indicated that RAdEa and RAdEs induced an almost exclusive Th2 kind of iiimiune 
response in mice when delivered IM, The IM immunization of mice with the vaccine 
also induced IgGl dominated antibody response indicating a Th2 type immune 
response. 

20 Example -13 

JEV neutralizing antibody response in mice immunized with Rads: Titers of JEV 
neutralizing antibodies were determined in serum samples obtained from the 
immunized mice at day 44 post-immunization. Figure 6 shows that oral route of 
immunization induced very low JEV neutralizing antibodies. Similar to ELISA titers, 

25 the JEV neutralizing antibody titers were lower in mice immunized orally wi& RAdEs 
plus the bicarbonate buffer compared to titers in those mice immunized with RAdEs 
without the bicarbonate buffer, although the difference was statistically insignificant. 
Compared to RAdEa, RAdEs given IM induced higher JEV neutralizing titers and these 
were enhanced further when higher dose of virus was used for immunization, IM 

30 immunization with RAdEs induced significantly higher JEV neutralizing antibody titers 
than those induced by the vaccine. 



wo 2005/065707 



17 



PCT/IN2004/000432 



Example - 14 

Cytokine secretion by splenocytes from immunized mice: Splenocytes prepared 
from the immunized mice were cultured in presence of JEV and synthesis of IFN-y, IL- 
4 and IL-5 was studied on each day for the next 4 days. Figure 7 shows that 

5 splenocytes from mice immunize with RAdEa or RAdEs by IM route secreted large 
amounts of XPN-y. Splenocytes from mice immunized with the recombinant viruses 
through oral route made only small amounts of IFN-y. Similarly, mice immunized with 
the vaccine made only small amounts of IFN-^. Splenocytes from IM-immimized mice 
also made moderate amounts of IL-5 which was almost absent in the case of orally 

10 immunized mice or mice immunized with the vaccine. IL-4 was not detectable in any 
of the cases; the detection limit of IL-4 ELISA was 7.8 pg/ml. Similar pattem of 
cytokine secretion was observed when splenocytes were cultured in presence of JEV E 
protein 

Example - 15 

15 CTL activity in immunized mice: To study the generation of memory CTLs, 
splenocytes from immunized mice were stimulated in vitro with JEV and examined for 
cytotoxic activity against cells infected with JEV. Figure 8 shows the results of CTL 
assays at various effector to target cell ratios. Thus, mice immunized with RAdEa or 
RAdEs through IM route showed significant CTL activity. No CTL activity was 

20 detectable in mice immunized with RAdEa or RAdEs tiirough oral route. Similarly, 
unimmunized and AdS-immunized mice or those immunized with the vaccine showed 
no CTL activity. 
Example - 16 

Mice challenge studies: Mice immunized with RAds were challenged at day 44 post- 
25 immunization by intra-cerebral inoculation of a lethal dose (100 LDso) of JEV. These 
mice were observed for mortality for 3 weeks after the challenge. All mice immxmized 
with 7.5x10^ or 1x10^ PFU of RAdEs given IM survived the challenge while none of 
the unimmunized mice survived. Furthermore, none of tiie mice immunized IM or 
orally with 1x10^ PFU of El/ E3 Ad5 survived the challenge. About 50-60% 
30 protection was seen in mice immunized with 1x10^ PFU of RAdEs given orally. The 
level of protection was lower (30%) when mice were immunized orally with lower 
doses of RAdEs (3x10^ PFU). The level of protection afforded by RAdEa 
immunization was very low; about 40% mice survived from those immunized with 
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7.5x10^ PFU given IM and only about 20% mice survived from the group immunized 
with 3x10^ PFU given orally. In a separate experiment, 15 mice were immunized with 
1x10^ PFU of RAdEs and given 2 booster doses on day 21 and 35. When challenged 
on day 44 post-inraiumzation with 1000 LD50 of JEV, given intra-cerebral, 100% of ttie 

5 immunized mice survived. 

The flavivirus E protein has been the antigen of choice for vaccine development using 
modem methods of vaccinology such as the UNA vaccination or the use of 
recombinant virus for antigen delivery (10, 12, 16, 28-31). This has been so because E 
protein plays an impprtant role in a number of processes, including viral attachment, 

10 membrane fusion and entry into the host cell (26). Besides, flavivirus E protein induces 
vims-neutralizing antibodies and CTLs (14, 14, 15, 22, 23, 34). It has been shown that 
protection against JEV is mainly antibody dependent, and viras-neutralizing antibodies 
alone are sufficient to impart protection (19, 32). This was also implied from our 
previous observation that the formalin-inactivated JEV vaccine, which did not induce 

15 CTLs, provided protection to vaccinees against JEV (15). Thus, with a view to develop 
a recombinant virus-based JEV vaccine, we have constmcted RAds sjoithesizing JEV E 
protein. 

During replication of JEV, the E protein is expressed on the cell surface. Plasmid DNA 
vectors have been described that synthesize different forms of the E protein, such as the 

20 cytoplasmic, membrane-anchored or secretory (2, 6, 7, 15, 20). These different forms 
of JEV E protein were shown to induce different kind of immune responses. Similarly, 
recombinants of vaccinia expressing the secretory E protein of Japanese encephalitis or 
Dengue viruses were found to be highly immunogenic in mice (14, 27, 37). Previously, 
we had shown that truncated JEV E protein, where the membrane-anchor sequence had 

25 been removed by deletion of the C-terminal 102 amino acids, was actively secreted in 
the cell surroundings (15). We have now constmcted RAds that synthesize the 
membrane-anchored or the secretory E protein. 

Oral delivery of RAd has been shown to induce humoral and cellular immime 
responses to the protein encoded by the transgene, however, these responses have 
30 usually been weaker compared to those induced by the IM or intra-peritoneal delivery 
of RAd (21, 35, 42). In the present study too, oral immunization of mice by RAds 
resulted in significantly lower anti-JEV antibody titers when compared with the IM 
route of RAd delivery. Thus, mice immunized IM with 1x10^ PFU of RAdEs gave 
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~60-fold higher anti-JEV antibody response than those immunized with the same dose 
of the virus given orally. 

Use of Sodium carbonate buffer to neutralize the pH of the stomach made no 
perceptible difference to antibody titers when compared with the antibody titers 

5 induced by RAdEs given orally without the bicarbonate buffer. In fact, when 
bicarbonate buffer was used during oral immunization, the booster doses of RAdEs 
failed to enhance the anti-JEV antibody titers. For RA.dEa too, oral delivery resulted in 
weaker anti-JEV antibody responses compared to the IM delivery of the recombinant. 
Thus, compared to oral delivery, IM inoculation of 7.5x10^ PFU of RAdEa (which was 

10 half the dose given orally) induced --lOO-fold higher anti-JEV antibody titers. The 
antibody titers were dose dependent. Thus higher doses of RAdEs (1x10* PFU) 
delivered orally induced higher anti-JEV antibody titers. These titers were '-4-fold 
higher than those induced by the commercial vaccine given IM. Importantly, IM 
inoculation of RAdEa or RAdEs at both the doses tested (7.5x10^ and 1x10* PFU) 

15 resulted in significantly higher antibody responses than those given by the vaccine; 
1x10* PFU of RAdEs given IM induced -250-fold higher titer than the vaccine. Similar 
pattern was reflected in JEV neutralizing antibody titers when oral route of RAds 
delivery was compared with the IM route although the differences weren't so 
pronounced. Thus ~20-fold higher JEV neutralizing antibody titers were induced by 

20 IM inoculation of 1x10* PFU.of RAdEs compared to oral delivery of the recombinant 
Only statistically insignificant differences were noted in anti-JEV antibody titers 
induced by 7.5x10^ PFU of RAdEa and RAdEs given IM. However, there was 
significant difference in the JEV neutralizing antibody titers generated by the two 
RAds; a mean JEV neutralizing antibody titer of 10 was obtained when mice were 

25 immunized with RAdEa whereas it was 133 when mice were immunized with RAdEs. 
Higher JEV neutralizing antibody titers were recorded when higher doses of RAdEs 
were used for immunization. At both the doses tested (7.5x10^ and 1x10* PFU) IM 
inoculation of RAdEs induced significantly higher JEV neutralizing antibody titers than 
the commercial vaccine. Thus a dose of 1x10* PFU of RAdEs given IM induced 8-fold 

30 higher JEV neutralization titer than the vaccine. These differences in JEV neutralizing 
antibody titers induced by RAdEa and RAdEs by oral and IM inoculation were 
reflected in the level of protection afforded by these recombinants to the immunized 
mice against lethal JEV challenge. Thus both doses of RAdEs inducing JEV 
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neutralizing antibody titers higher than the vaccine gave 100% protection. 
Immunization with RAdEs or RAdEa given orally gaVe only low levels of protection. 
Challenge experiments indicated that mice immunized IM with the adenovirus 
synthesizing the niembrane-anchored form of JEV E protein did not develop protective 

5 immimity whereas those immunized with recombinant synthesizing the secretory form 
of JEV E protein developed robust anti-JEV protective immunity resulting in 100% 
protection. These results show that RAd-based JEV inmiunizations are superior to 
naked DNA immunizations, which imparted only about 50-60% protection in a mouse 
challenge 'model (15). It is interesting that level of protection was similar (50-60%) 

10 when mice were immunized with plasmid DNA synthesizing Ea or Es proteins (15) 
whereas in the present work Es induced significantly superior protective immune 
response than the Ea protein. This may be related to a more efficient delivery of JEV 
transgene using RAd than the direct injection of naked plasmid DNA for immunization. 
Our finding is, however, consistent with reports firom others where truncated form of 

15 JEV or Dengue E protein (leading to its secretion) was.found to be more immunogenic 
than the membrane-anchored form of the E protein (14, 37). 

Poor anti-JEV antibody induction by oral immunization with RAds was also reflected 
in poor cytokine secretion by splenocytes in presence of JEV. While very litfle IFN-y 
was secreted by splenocytes firom mice immunized orally with RAdEs or RAdEa, 

20 significant amounts of IFN-y were secreted by splenocytes obtained firom mice 
immunized IM with RAdEa or RAdEs. Splenocytes firom IM immunized mice also 
synthesized moderate amounts of IL-5 that was not detectable in cultures of splenocytes 
obtained from mice inmiunized orally with RAds. Mice immunized IM with both 
RAdEa and RAdEs had significant CTL activity, which was undetectable in mice 

25 immunized orally with RAds or IM with the vaccine. Oral immunization with RAdEs 
at lower dose resulted in IgGl dominated inmume responses; ratio of IgGl/IgG2a end- 
point titers was 6.5. This is consistent with studies on oral immunization of mice with 
RAd sjmthesizing rabies glycoprotein where abundance of anti rabies IgGl was 
recorded (46). The IM inoculation of RAdEa and RAdEs also resulted in 

30 preponderance of IgGl kind of antibodies. No data could be found in literature on 
antibody -isotypes when adenovirus recombinants are delivered IM. Our results 
indicating the preponderance of IgGl type antibodies, secretion of IFN-y and IL-5 by 
splenocytes and induction of CTLs suggest that IM inoculation of mice with RAds 
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synthesizing JEV E protein activates both the humoral and the cellular aims of the 
immune system, and immune responses of both Thl and Th2 type are induced. 

The results presented in this invention show that RAd synthesizing the secretory form 
of JEV E protein imparted robust immunity in mice against lethal dose of JEV given 
5 intra-cerebral. This makes RAdEs a potential candidate vaccine against JEV. Further, 
safety profile of the vaccine of the instant application was studied. The vaccine is found 
to be safe for administration. None of the immunized mice showed any obvious 
complications. 
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AppBcation Pro]ect 



< 120> Titie r A recombinant vacdne against Japanese encephalitis virus (JEV) infection and a method ther 
eof 

< 130> AppFileReference : IP 1340 
</40> CurrentAppNumber : 15t6/Del/203 

< 74 / > CurrentFiSngDate : 2003-12-04 

Sequence 

<213> Oi^anismName : Artificial Sequence 
<400> PreSequenceStmg : 

cgtaactata acggtcctaa ggt3g(^aa gctcagata ggatctcccg atcccctatg 60 

gtcgactctc agtacaatct gctctgatgc cgcatagtta agccagtatc tgctccctgc 120 
ttstgfgttg gaggtcgctg agtagtgcgc gagcaaaatt taagctacaa caaggcaagg 1 80 

cttgaccgac aattgcatga agaatctga tagggttagg cgttttgt^ tgcttt^cga 240 

tgtacgggcc agatatacgc gttgacattg attatts^ ^gttattaat agtaatcaat 300 

ta<ggggtca ttagttcata gaxatatat ggagttccgcgttacataac ttat^gtaaa 360 

t^cccgcct ^ctgaa^ ccaacgaccc ccgcccattg acgtcaataa tga<^tgt 420 

tcccatagta acgccaatag ggactttcca ttgacgtcaa tgggt^a atttac^gta 480 

aactgcocac ttggcagtac atcaagtgta tcatatgcca s^facgcccc ctattgaqgt 540 

caatg^c^aaatggcocgcct^cattatgcccagtacatgxxttstmactttcc 600 

taatggcagtacamxgtaittas^ 660 

St^catcaatgggc^gtggdlagcggtli&^ctcacggegatt^^ 720 

tSacBtxaat ggg^tttgt tttegnvxa aaatcaacgg gactttxraa aatgtxstaa 780 

C3x6x^caatB3K:;gcs3a^ 840 

cagagctJctctggKtaactagagaaoocxt^itaagg 900 

taaxtagggagaoocs^ctsgaaecgtttaaxgggcocx^^ 960 

gocactgtgt tggatgatccgagctcggta ccatgtgga cgcaa^cttg gcagttgtca 102O 

tagcttgcgcaggagccatgaagttgtcgaatttccaggggaagcttttgatgaccatca 1080 

acaacacgga cattgcagac gttatcgtga ttcocacctc aaaaggagag aacagatga 1 1 40 

SBSta^caatcgacgtcggttacatgtgtga^caccatcacgtacgaatgtccta 1200 

^gcttaagcgggcaatgatcca^ggacg tggattgctggfgtgscaac caagaagtct 1260 
acgtccaata tggacggtgc acgcggacca ggcattccaa gcgaagcagg agatc<^tgt 1320 

cggtccagac acatggggag agttcactag tgaataaaaa agaggcttgg ctggattcaa 1380 

cgaaagccac acgatatctc acgadotactg agaactggat cataaggaat aXggctatg 1 440 

ctttcttggc ggc^tactt ggctggatgc ttggcagtaa caacggtcaa t^cg^gtat 1 500 

ttaccatcct cctgctgttg gtc^cgg cttacagttt taattgtctg ggaatgggca 1560 
^ti^cgactt^tagaaggagccagt^gccacttgggtggaaxggtgctagaaggag 1620 , 

atagctgtct gac^tcatg gcaaacgat3 aaccaacatt ggatgtccgc atgattaaca 1 680 

t(gaagctag ccaacttga gaggtcagaa gttattgcta tcatga:t€a gtcactgaca 1740 
tctcgat^ ggcttggtgc cccatgactg gagaagctca caacgagaag cgagc^ta 1800 

Btagct^tgtgtgcaaacaa ggcttcactg atcgtgggtg g&^ac^ tgt^dtt 1860 

t^^ggstaggg aagcattgac acatg^a aattctcctg caccagcaaa gcgattggga 1 920 

gaacaatcca gccagaaaac atcaaata<^ aagttggcat ttttgtgcat ggaaccacca 1 980 

cttcggaaaa ccatgggaat tactcagcgc aagttggggc gtcccaggcg gcaaagttta 2040 

ccgtaacacc caatgcUct tcgataaccc tcaaacttgg tgactaqgga gaagtcacac 2 100 

tggactgtgagccaaggagtggactgaaca c^agcgtt ttacgtcatg ac<^^ 2160 

caaagtcatt tctggtccat agggaatggt ttcatgacct cgctctcccc tggacgtccc 2220 
cucgagcacagcgtggaga'aacagagaac tcctcatgga att^agag gcgcacgcca 2280 
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caaaacagtc ^ftgttgct cttggttcac aggaaggagg cctccatcag gcgttggcag 2340 
gagccatcgt ggtggagtac tc^gctcag tgaagttaac atcaggccac ctgaaatgta 2400 
ggctgaaaat ggacaaacta gdctgaa^ gcacaaccta tggcatg^ aagaaaaat 2460 
tctcgttrgc gaaBastccg gcggacactg gtcacggaac agttgtcatt gaactctcct 2520 
actctgggag tgatggcccc tgcaaaattc cgattgtctc cgfcgcgagc ctcaatgaa 2580 
tgatibcctgt tgggcggctg gtgacagtga acccctttgt cgcggcttcc agtgccaact 2640 
caaaggtgctggtcgagatg gaacccccd tcgg^gactc aatatcgtg gttggaaw 2700 
gagacaagca gatxaaccac cattggcaca aataataaaggatctgt^ ttgccccta: 2760 
cccgtgccu ccttgaccct ggaaggtgcc actcccactg tcctttccta ataaaatgag 2820 
gaaattgcat cgcattgtct gagtaggtgt cattctattc ^g^tgg gsfigsscag 2880 
gacagcaagg^gaggatigggaagacaatagcaggcatgctg^gatgcgg^gcta 2940 
atggctta^ aggcggaaag aaccagcaga tctgcagatc tgaattcatc tatgtcgggt 3000 
gcggagaaag aggtaatgaa a^ggcatqga ctcgaagatc tgggcg^gt tasgggtggg 3060 
aaagaatata taagg^ggg gtctta^ gttttgtatc tgttttgcag cagccgccgc 3 120 
cg^catgBgc accaaacgt ttgatggaag cattgtgagc tcatatttga caacgcgcat 3 1 80 
gaxxratgg gccggggtgc ^tcagaatgt gatgggctcc agattgatg gtcgcca^ 3240 
cctgcccgca aactctacta ccttgaccta cgagaccgtg tctggaacgc cgttggagac 3300 
tgcagcctcc gccgccgctt cagccgctgc agccaa^ cgcgggattg tgactgactt 3360 
tgcttuxtg agcccgcttg caagcagtgc ^ g c t tcccg t tcatccgccc gcgatgacaa 3420 
gttgacggct cttttggcac ^ttggattc tttgaaxgg gaaataatg tcgwxtca 3480 
gcagctgttg gatctgcgcc agcaggutc tgcxxtgaaggctCcctcoc ctoccaatgc 3540 
ggtttaaaac at^aataaaa aaccagSKtc t gUXggM tggatcaagc aagtgtcttg 36O0 
ctgtcmatmggggttitecgcgc^ 3660 
gsgggtxxtg tgtatmtt oca^ac^ gtsaaggfga ctetggat g ttagatxat 37W 
gggcstaagcccgtJCSxtsgggtggssgtagc^^ 3780 
ggtgttgtag atgatxagt cg^agicagga g(9 Ctgge cg tggtgjjcl^ 3^^ i^< itt 3840 
GigfagGiag ctgattgocaggggcaggoccuggfitai gtgtttxsa JtgQSgUJB^ 3900 
ctg g gat ggg tgcajxgfg gggatatgag atgcatcttg g^J^jUittt U^;{;Ug^ 3960 
tatgttcoca gceatatooc tocgg^aitt catgttgtgc ag^aocacca gcacagtgta 4020 
tccggtgcac ttggssaaU tgtcatgUg cttagaagga aatgcgt^ agaacttgga 4080 
gaqgaxt^^acctaaagattttccatgc^ 4140 
acgggcggcg gcctgggcga agatatttct gggatcactaacgtcatagttg^ttccag 4200 
gatgagatcg tcataggoca Utttacaaa gcgcgggcgg agggtgccag actgcggtat 4260 
aatggttcca tcqggcccag gggcstagtt aaxtcacag att^catu cccaqgcttt 4320 
gagttcagat ggggggatca tgtctaaxg cggggcgatg aagaaaacgg tttccggggt 4380 
aggggagatc agctgggaag aaagcaggtt cctgagcagc tgcgacttac cgCBgccggt 4440 
gggcccgtaa atcacaccta ttaa:ggctg caactggtag ttaagagagc tgcagc^cc 4500 
gtcatccc^ agcagggggg-ccBCtXcfft aagcatgtcc agacxcgca tgtmccct 4560 
gatcaaatcc gccagaaggc gctc^cgcc cagcgatagc agttcttgca aggaagcaaa 4620 
gtttttcaac ggtttgagac cgtccgccgt aggcatgctt ttgagcgttt gaccaagcag 4680 
ttccaggcgg tcccacagct cggtcacctg ctctacggca tctcgatcca gcatatacc 4740 
U^tttcgcg^ttggggcggctttcgc^tac^gcagtagU^^ 4800 
gccagggtca tgtctttcca cgggcgcagg gtcctcgtca gcgtagtctg ggtcacggtg 4860 
^aggggtgcg ctccgggctg cgcgctggcc agggt g cgct tgaggctggt cctgctggtg 4920 
ctgaag(^agcc^;gtcttcgccc^cgcgU^gccaggtagc^ 4980 
tagtccagcc cctccst;gsc gtggccct^ g(^(^gct tgccct^ga g&ggcgccg 5040 
cacgaggggc agtgcagact tttgagggcg tagagcttgg gcgcgagaaa tzccgattcc 5 100 
• ggggagiaggcatccgcgccgcaggccccgcaga^gUtcgcattccacgagccaggtg 5160 
agctctggcc gttcggggtc aaaaaccagg tttcccccat gctttttgat gcgtttctta 5220 
cctctggttt ccatgagccg gtgtccacgc tcggtgacga aaaggc^c cgtgtccccg 5280 
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tataagact tg^gaggca gtax^gc ggtgtta^ ggtccUxtc gtatagaaac 5340 
tic^gaccaa c^gacaaa ggctcgcstc caggccagca cgaaggaggc taagtgggag S400 
ggSfagcggt cgttgtccac tagggggtcc actx^ctcca ^gtgtgaag acacatgtcg 5460 
ccctctu^ catcaaggaa fgtgattggt ttgtaggtgt aggccacgtg accmtgtt 5520 
cctgaagggg ggctataaaa g^ggtgggg gcgcgtXcgt cctcactctc ttcqgcatcy 5580 
ctgtctgcga gggccagctg ttgggg^g tactccctct gaaaagcggg catgactta 5 640 
gcgctaagat tgtcagtttc caaaaacgag gaggatt^ tattcacctg gcccgcggtg 5700 
atgcctttga gggtggccgc atccatctgg tca^aaaga caatcttttt gttgtcaagc 5760 
ttggtggcaa at^cccgu ga^g(^ttg gacagcaact tggcgatgga gt^gggtt 5820 
tggtttt^ cgcgatcggc gf^ctcctxg gccg^tgt ttagctgcac gtattcgcgc 5880 
gcaacgcacc gccattcggg aaagacggtg gtgcgct(^ cgggcaccag gtgcacgcgc 5940 
caaccgc^gt tgtgcagggt gacaaggtca ac^ctggtgg ctacctctcc gcgtagg<^ 6000 
t<^gtcc agcagaggcg gccgcccttg cg(^gcaga atgg<^gtag ggggtctagc 6060 
tgcgtctcgt ccggggggtc tgcgtccacg gtaaagaccc cgggcagcag gcgc^Qfcg 6 120 
aagtagtcta tcttgcatcc ttgcaagtct agcgcctgct gccatgcgcg ggcggcaagc 6 1 80 
gcgcgctcgt atgggt^ag tgggggaa:c catgg^tgg ggtgggtgag <^(^ggcg 6240 
tacatgc<^ aaatgtK^ aat^gagg ggctctctga gtattccaag atatgtaggg 6300 
tagcatcttc caccgcggat gctggcgcgc aqgfaatqgt atagttc^ cgagggagcg 6360 
aggaggtcgg gaccgaggtt gctacgggcg ggctgctctg ctcggaagac tatctgcctg 6420 
aagatggcat gtgagtxgga tgatatggtt ^cgctgg^ agacgttgaa gctggcsfct 6480 
gtgagaccta ccgcgtcacg cacgaaggiag gcgtaggagt cgcgcagctt gttgaccagc 6540 
tc^cggtga cctgcacgXc tagggcgcag tagtccaggg tttccttgat gatgtcatac 6600 
ttatcctgtccctttttmccacagctcgcggttgagga^ 6660 
cagtactatggatcggaaacagbcgg^ti^^ 6720 
tggOg^cgga^tggt^cgpagcata^ 6780 
goctta^gcgaggtgtg-^tgagi^aaggtg^ 6840 
^tstt^agtcagfgUg^cgcata^ccc^^ 6900 
tmtggaxgcsgamggcagggcga^etgacaitc^ 6960 
cgaggcataa ^t^cgtgt gatgcggaag ggtaxggca cctcggaacg gttgttaatt 7020 
acctgggcgg cgagcacgat ctcgtcaaag ccstt g atgt tgtggcccac aatgtaaagt 7080 
tccaagaagc gcgggatgcc cttgatggaa ggcaattttt taagttcctc gta^tgagc 7140 
tcUcagggg agctgagax g^;ctctgaa agggcxcagt ctgcaaga^ a^gtxggaa 7200 
gcgacgaatg agctccacag gtcat^iggo: attagcattt gcaggtggtc gtiaaaggtc 7260 
ctaaactggc gacctatggc cattttttct ggggtgatgc agtagaaggt aagcgggtxx 7320 
tgttccagc ggtcccatcc aaggtxjcgcg gctaggtctc gcg^gcagt cactagaggc 7380 
tcatctcc^ cgaacttcat gaccagcatg aagggcacga gc^cttccc aaaggccccc 7440 
atccaagtat aggtctctac atxigtaggtg acaaagagac gctcggtgcg aggatgcgag 7500 
ccgatcggga agaac^gat ctx:ccgccac caattggagg agtggctatt gatgtggtga 7560 
aagtagaagt ccctgcgacg ggccgaacac tcg^ctggc mtgtaaaa acgtgcgcag 7620 
tactggcagc ggtgcacggg c^catcc tgcacgaggt tgatxtgacg accgcgcat^ 7680 
aggaagcaga gtgggaam gagaxcti^ cctgg(^ggt ttggctggtg gtcmtaa 7740 
tcggctgcu gtccttgacc gtctggctgc tcgaggggag mcggtgga tcggaccacc 7800 
acgccgcgcg agcccaaagtccagatgtcc gcgcgcggcg gtcggagctt gatgacaaca 7860 
tcgcgcagat gggagctgtc'ca^gtctgg agctcccgcg gcgUsggtc aggcgggagc 7920 
tcctgcaggt ttacxtcgca tagacgggtc agggcg<^gg ctagatccag gtgataccta 7980 
atttccaggg gc^gt^gt ggcggcgtcg atggcttgca agaggccgca tccccgcggc 8040 
gcg^aacgg taccgcgcgg cgSBCggtgg gacgcggggg tgtccttgga tgatgcata 8 1 00 
aaaagcggtg acgcgggcga gcccccggag gtaggggggg ctccggaccc gccgggagag 8 1 60 
SgSgcagggg cacgtcgg^ ccg^gcgcgg gcaggagctg gtgc^cgcg (^ggttgc 8220 
tggcgaacgc gacgacgc^ t^gttgatct cogaatctg g<scctctgc gfgaagac&t 8280 
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cgggcccggt gagcttgaac ctgaaagaga gttx^caga atcaattt<s gtgtcgtt^ 8340 
cggcggfxtg gcgcaaaatc txxXgca(^ ctatgagtt gtct^tag gcgatct<w 8400 
ccatgaactg ctcgatctct tcctcctgga gatcta^cg tccggctcgc tccacgg^ 8460 
cggcgaggtc gttggaaatg cgggccatga gctg<^gaa ggcgttgagg cctccctcgt 8520 
tccagacgcggctgtagaccacgfxxcctt cggcatcgcgggcg^catgaccaccXgcg 8580 
cgagattgag ctccacgtgc cgggcga^ga cggcgtagtt tcgcaggcgc ^aaagaggt 8640 
agttgagggt ggtggcggtg tgttctgcca cgaagaagta cataacccag cgtcgcaacg 8700 
tggatt^ft gatatccccc aaggcctcaa ggcgctccat ggccU^g aagtccacgg 8760 
(^agttgaa aaactgggag ttgcgcgccg acacggttaa ctcctcctcc agaagacgga 8820 
tgagctcggc gacagtgtcg t^cctcgc gctcaaaggc tacaggggcc tcttcttctt 8880 
cttcaatctc cUttccata agggcctccc cttcttcttc ttctggcggc ggtgggggag 8940 
S^ggB^cacg gfiggcgacga cggcgcaccg ggaggcggtc gacaaagcgc tcgatcaux 9000 
ccccgcggcg acggcgcatg gtctcggtga cggcgcggcc gttctcgcgg gg&:g^gU 9060 
ggaagacgcc gcccgtcatg tcccggttat gggtXggcgg ggggctgcca tgcggcaggg 9120 
atacgg(^ct aat^a^t ctcaacaatt gt:^^gg tacta^cg ccgagggacc 9 1 80 
tgagc^gtc f^catcgacc ggatcg&aa accuxcgag asaaacgtct aaccagtcac 9240 
agtcgcaagg taggctgagc accgtggcgg gcggcagcgg gcggcggtcg gggttgtttc 9300 
tggcggaggt gctgctgatg atgtaattaa agtaggcggt OXgagacgg cggat&;tcg 9360 
acagaagcac catgtxxttg ggtccggaX g^tgaatgcg cagg^^gtcg gccatgcccc 9420 ' 
aggcttcgtt ttgacatcgg cgcaggtctc tgtagtagtc ttgcatgagc ctttctaccg 9480 
gcacttcttc ttctcctux tcttgtcctg catctcttgc atctaUgct gcggcggcgg 9S40 
cggagtttgg ccgtaggtgg cgccctcttc ctcccatgt^ tgtgaccccg aagcccctca 9600 
tcggctgaag cag^ctagg t^cgacaa cg^ctcggc taatatggcc tgctgcacct 9660 
gcgtgagggt a^ctgga^ tcatxxatgt ocacaaBgcg gfggtatgcg cocgtgttga 9720 
tggtgtaagt gG^^ttggcc ataxggaoc agttaac^gt ctggtgaccc ggctgcgaga 9780 
gctcggtgta cctgaga^c g^faa^ccc tcgagtcaaa tacgtagpcg itgcaagtcc 9840 
gcaccaggta ctggtatccc accaaaaagt gcggcggcgg ctggcggtaga^ggccagc 9900 
gtagggtggc cggggdccg ggggcgagat cttccaacat aaggcgatga tztccgtaga 9960 
tgtacctgga catccaggtg atgccggcgg cggtggtgga ggcgcgcgga aagtcgcgga 10020 
(^(^gttcca gatgttgcgc agcggcaaaa agtgctccait g gt x gg gx g txctggccgg 10080 
tcaggcgcgc gcaau^ttg at^ctagc gtgcaaaagg agagcctgta agcgggcact 10140 
cttccgtggt c^gtggata aattcgcaag ggtatcatgg cggacgaocg gggltcgagc 1 0200 
cccgtatccg gccgtccgcc gtgatccatg cggttaccgc ccgcgtgtcg aacccaggtg 10260 
tgcgacgtca gacaa<^ggg gagtgctcct tttggcttcc ttccaggcgc ggcggctgct 10320 
gcgctagctt ttttggtxac tggccgcgcg cagcgtaagc ggttaggctg gaaagcgaaa 10380 
gcattaagtg gctcgctccc tgtag^xgga gggttatttt ccaagggttg agu^c^ga 10440 
cccccggttc gagtcu^ ccggccggac tg(^gcgaac gggggtttgc ctccccgtca 1 0500 
tgcaagaccc (^cttgcaaa ttcctcc^ aacagggacg agcccctttt ttgcttttcc 1 0560 
caga^catc<^gtgctgcggcagatgcgcccccctcctcagcagcggcaagagcaagag 1Q620 , 
cag^gcagB catgcagggc accctcccct cctcctaccg cgticaggagg ggc&catcc 10680 
gcggttgacg cggcagcaga tggtgattac gaacccccgc ggcgccgggc ccggcactac 1 0740 
ctggacttgg aggagggcga gggcctggcg cggctaggag cgccctcttc tgagcggcac 10800 
ccaa^gtgc agctgaagcg tgatacgcgt gaggcgtacg tgccgcggca gaacc^ttt 10860 
cgcgaccgcg agggagagga gcccgaggag atgcgggatc gaaagttcca ^caggg^ 10920 
gagctgcggc a^^gcctgaa tcgcgagcgg ttgctgcgf^ aggaggactt tgagcc<^c 10980 
gcgcgaaccg ggattagtcc cgcgcgcgca cacgtggcgg ccgccgacct ggtaaccgca 1 1040 
taqgagca^a cggtgaacca ggagattaac tttcaaaaaa gctttaacaa cca(^tgcgt 1 1 100 
acgcttgtgg cg(^cgagg9 ggtggctata ggactgatgc atctgtggga attgtaagc 11160 
gcgctggagc aaaacccaaa tagcaagccg ctcatggcgc agctgtXcd tatagtgag 1 1220 
acagcaggg acaacgaggc attcagggat gcgctgctaa acatagtaga gcccgagggc 1 1280 
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cgc^gctgc tcgstttgat aaacatcctg cagagcatag tggtgcagga gcgcagcttg 1 1340 
agcctgectg acaaggtggc cgccatcaac tattccatgc ttagatggg caagttttac 1 1400 
gtxcecaaga tataccatac cccttacgtt cccatagaca aggaggtaaa gatcgagggg 1 i 460 
ttctacatgc gcatggcgct gaagg^ctt accttgagcg acgacctggg cgtttatcgc 1 1 520 
aacgagcgca tccacaaggc cgtgagcgtg agccggcggc gcgagctcag <^ccg(^g 1 1 580 
ctga^caca gcctgcaaag ggccctggct ggcacg^ca g(Sg(^tag agaggccg^g 1 1 640 
tcctactttg acgc^cgc igacctgcgc ^ggccccaa gccgacgcgc cctggas^ 1 1 700 
gctggggccg gaccxgggct ggcggtggca cccgcgcgcg ctggcaacgt (^cggcgtg 1 1 760 
gaggaatatg acga^(^ tgagtacgag ccagaggacg gcgagtacta ag^^gtgatg 1 1 820 
tttc^tca ga^tg^a gacgcaacgg acccggcggt g<^ggcggcg ctgcagagcc 1 1 880 
agccgtxxgg ccttaactcc aqsgacgad ^t^cca^ catggac^^c atcatgU^ 1 1 940 
tgactgcgcg caatcctgac gcgUccggc agcagccgca ggccaaccgg ctctccicaa 12000 
ttctggaagc ggtgguccg gcgcgcgcaa acccca^ca cgagaaggtg ttggf^tcg 12060 
taaacgcga ggccgaaaac agggccata: ggcccgacga gpxggcctg gUXacgacg 12 120 
(^ctgcttca gcgcg^gct cgttacaaca gcggGacgt gcagaccaac ctggaccggc 12180 
^gtggggga tgtgcg<^g gccgtggcgc agcgtgagcg cgcgcagcag cagggcaacc 12240 
tgggdccat ^ttgcacta aacgccttcc tgagtacaca gcccgccaac gtgc<gcggg 12300 
gacaggagga ctacaccaac tttglgagcg cactgcggct aatggt^ct gagacaccgc 12360 
aaagtga^ gtaccagtct g^aagact attttttoca gaccagtaga caaggcc^c 12420 
agaccgtaaa cctgagccag gctttcaaaa acttgcaggg gctgtggggg gtgf^ctc 12480 
ccacaggcga ccecgcgatx gtgtctaga tgctgacgcc caactcgcgc ctgttgctgc 1 2540 
^ctaatagc goxttcacg gacagtggca gcgtgtcccg ggacacatac cta^tcact 12600 
tgctgacact gtacx^cgag gccataggtc aggcgcatgt ggacgagcat actttccagg 12660 
agattaca^ tgfcagccgc gcgctggggc agga^iacac gggcagcctg g^gcaaccc 12720 
taaactaaxgctg^xasccggcggcagaagait^^ 12780 
agga g g^cg cattttgcgc tacgt g a ^ agagcgtg^ cataaoc^ sfgcgcgacg 12840 
gggtaacgcc cagcgtggcg ctggacatga ccgcgcgcaa cstggaaccg ggcatgtatg 12900 
cctcaaaccg gccgtttatc aaccgcctaa tgsactacU g c a tc gcg(s gctg a ^ tg a 12960 
acaxgagta tttcaccaat gocatcttga acccgcactg gciaccgccc cc^gttta 13020 
acaccgggggattx^3^lgtgccx^gggtaacgat^attcctc^ggacgac^ 13080 
acag^tgUUccccgcaaa^gaaxtgctagagttgcaacs^cgcgagca^c^ 13140 
agg(^gcgct gcgaaaggaa a^XUxgca ggccaagcag cttgtccgat ctaggcgctg 1 3200 
cggccccgcg gtcagatga agtagcccat ttccaagctt gatagggtct cttaccagca 1 5260 
ctcgcaccac a:gca^c ctgctgggcg aggaggagta cctaaacaac tcgctgctgc 13320 
agccgcagcgcgaaaaaaac ctgcctxxgg catttcccaa caacgggata gagagcctag 13380 
tggacaagat gagtagatgg aagacgtacg cgcaggagca cagggacgtg ccaggca^c 1 3440 
gcc^cccac a^i^fcaa aggcacgacc gtcagcgggg tdggtgtgg gaggacgatg 13500 
actcggcaga cgacagcagc gtcctggatt tgggagggag t^caaca^ tttgcgcacc 13560 
ttcgcxxcag gctggggaga atgttttaaa aaaaaaaaaa gcatgatgca aaataaaaaa 13620 
ctcaccaagg ccatggcacc gagcgttggt tttcttgtat tccccttagt atgcggcgcg 13680 
cggi^tgta tgaggaaggt cctcaccct cctacgagag tgtggtgagc gcggcgccag 1 3740 
tggcggcggc gctgggttct cccttc^tg acccc^ga cccgccgttt gtgccta^c 1 3800 
ggtacctgcg gcctaccggg gggagaaaca gcatccgtxa ctctgagttg gcacccctat 13860 
tcgacaccac ccgtg^c ctggtggaca acaagtcaac ggatgtggca tccc^aa 13920 
accagaacga ccacagcaac tttctgacca cggtcattca aaacaatgac tacagaxgg 13980 
ggg^ggcaag cacacagacc atcaatcttg acgaccggtc gcatXgg^ ggcgacctga 14040 
aaaccatcct gcataccaac atgccaaatg tgaacgagtt catgtttacc aataagttta 14100 
3ggcgcgggt gatggtgtcg (^ct^cta ctaaggacaa tcaggtggag ctgaaatacg 14160 
^gtggglgga gttca(sc^ casaggga actactccga gaccatgacc atagacctta 14220 
^acaacfcgatcgtggag caoatxtga aag^ggcag acagaacggg gttd^aa 14280 
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gcgacaitcgg ggtBBBgm gacacccgca acttagact g^gtt^c coftcactg 1 4340 
gtct^cat gcctggggta tatacaaacg aagcctccca tccagacatc attttgc^ 1 4400 
caggatgcgg ggtggacttc acccacagcc gcctgagcaa cttgttgggc atccgcaagc 1 4460 
ggcaaccctt ccaggagggc tttaggatca cctacgatga tctggagggt ggtaacattc 1 4520 
ccgcactgtt ggat^tggac gcctaccagg cgagOtgaa agatgacacc gaacaggg^ 1 4SB0 
ggggtg^c aggcggcagc aacagcagtg gcagt^gcgc ggaagagaac tcc^<^^ 1 4640 
cagccgcggc aatgcagccg gtggaggaca tgaacgatca tgccattcgc ggcgacacct 1 4700 
ttgccacacg ggctgaggag aagcgcgc^ aggccgaagc agcggccgaa gctga^ccc 1 4760 
a:gctg(^ acccgaggtc gagaagcctc agaagaaacc ggtgatcaaa cccctgacag 14820 
aggacagcaa gaaacgcagt tacaacctaa taagcaatga cagcaccttc acccagtacc 148B0 
gcagctggta ccttigcatac aatAacggcg accctcagac t^gaatccgc tcatggaccc 1 4940 
tgctttgcac tcctgac^ acctgcggct cggag^ggt ctactggtcg ttgccagaca 1 5000 
tgatgcaaga axxgtgacc txccgctcca cgcgccagat cagcaacttt c^gtggt^ 15060 
g^ccgagct gttgixxgtg cactccaaga gcttctacaa cgaccaggcc gtctactccc 15120 
aactcatccg ccagtttacc tctctgaccc at^fgttcaa tcgctttccc gagaaccaga 15180 
' tmggcgc^ cccgccagcc cccaccatca ccaccgtcag tgaaaacgtt cctgctctca 1 5240 
cagatcacgg gacg(taccg ctgcgcaaca gcatcggagg agtccagcga gtgaccatta 1 5300 
ctgacgccag ac&xgcatx tgcaxtacg macaaggc cctgggcata gUtcgccgc 15360 
gc^Xcctatc gagccgcaa ttttgagcaa gca^tccat ccttatatcg cccagcaata 15420 
acacaggctg gggcc^t^ Ucccaagca agatgtttgg cggggccaag aagcgctccg 1 5480 
accaacaccc agtgcgcgtg cgcgggcaa accgcgcgcc ctggggcgcg cacaaacgcg 15540 
gccgcact^ gcgcaccacc gtcgatgacg ccatcgacgc ggtggt g gag gaggcgcgca 15600 
act2cacgcc cacga^cca ccagtgUa cag^saf^ ggc^^ 15660 
gcggagca^gqgcutga aaaatgaa g a gacggfigsxscgicglagca cgtcgccaa: 15720 
goqgoqe a oc <B8cad5g6cgaxaa^^ 15780 
gcaccggccs xgggc^ccatg(^gocgctxga3^ctggc£g^^ta(tigtcactg 15840 
tgocccccag gtccaggcga cgs^cggocg a:gcagcagc K^ c ggcc au agtgctatga 15900 
ctcagggtqg caggggcaac gtgt att ggg tg^cgactc ggttagcggc c^cgcgtgc 15960 
ccgtgcgcac ccgcaxccg'cgcaactaga ttgcaagaaa aaactactta gxtcgtact 16020 
gttgtstgta tccagcggcg g ggq^c g cj at^agctat gtxxaagcgic aaaatcaaag 16080 
aagagatgctccaggtcaUigcga^ga tctatggccc cccgaagaag gaagagcagg 16140 
attacaagcc c^aaagcta aagcgggtca aaaagaaaaa gaaagatgat gatgatgaac 1 6200 
. ttgacgacga ggtggaactg ctgcacgcta cc&:ga:cag gcgacgggta cagtggaaag 16260 
gfx^t^cgt aaaacgtgtt t^cgacccg gcaccaccgt agtctttacg cccggtgagc 1 6320 
gctccacccg cacctacaag cgcgtgtatg atgaggtgta cggcgacgag gacctgcttg 1 6380 
agcaggccaa cgagcgcctc ggggagtttg cctacggaaa g(^gcataag gacatgctgg 16440 
cgttgccgct ggacgagggQ aacccaacac ctagcctaaa gcccgtaaca ctgcagcagg 16500 
^ctgcccgc gcttgcac<^ tccgaagaaa agcgcggcd aaagcgcgag tctggtgact 16560 
tggcacccac cgtgcagctg atggtaccca agcgccagcg actggaagat gtct^gaaa 1 6620 
aaal^accgtggaacctgggctggagcc<^aggtccgcgtgcggccaatcaagcaggtgg 16680 . 
<^c^^ct gggcgtg^g accgt^cg tuagatacc cactaccagt agcaccagta 1 6740 
ttgccaccgc cacagagggc atggagacac aaacgtcccc ggttgcctca gcggtggcgg 1 6800 
atgccgcggt gcaggcggtc gc^cggccg x^ccaagac ctctacggag gtgcaaacgg 1 6860 
acccgtggat gttt^cgtt tcagcccccc ggcgcccgcg ccgttcgagg aagta^igt^ 1 6920 
ccgccagcgc gctactgccc gaatatgccc tacatccttc cattgcgcct acaxx^ga 1 6980 
atcgtggcta cacctaccgc cccagaagac gagcaactac ccgacgccga accaccac^ 1 7040 
gaacccgccg ca^ccgtcgc cgtcgccagc ccgtgctggc cc^tttcc gtgcgcaggg 17100 
tggctcgcga aggaggcagg accctggtgc tgccaacagc gcgctaccac cccagcaU^ 171 60 
tttaaaagccggtctttgtggttcttgagatatggccaacc^ascc^ 17220 
cggfgc€g^attc(^ggaagaatgcaa:gtaggaggffatggcxsgccac^^ 17280 
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cgggcggcat gcgtcgtgcg cBCcaccggc ggcggcgcgc gtcgc^ccgt cgcatgcgcg 1 7340 
gcggtatca gcccctcctt attccactga tcgccgcggc gattggcgcc gtgca^gaa 17400 
ttgcatccgt ggccttgcag gcgcagsgac actgattaaa aacaagttgc atgtggaaaa 17460 
ataaaataaaaagtaggactctcat^c^cttggtcctgtaactan 17520 
gaagacatca actttgcgtc tctggccccg cgacacggct (^cgccc^ catgggaaac 17580 
tggcaagata tcggcaccag caatatgagc gg^cgcct tcagctgggg ctcgctgtgg 17640 
agcg&^tt^aaBatttcggttccaccgUaagaatX^^ 17700 
agcacaggcc agatgctgag ggataagttg aaagagcaaa atttccaaca aaaggtggta 1 7760 
gatggcdgg cactggcat tagcggggtg gtggacctgg ccaaccaggc ag^aaat 1 7820 
aagattaaca gtaagcttga tccccgaxt cccgtagagg agcctccacc ggccgtggag 1 7880 
acagtgtctc cagaggggcg tgff^aaag cgtccg^:&:c ccgaca^ga agaaactctg 1 7940 
gtgacgcaaa tagacgagcc tccctcgtac gaggaggcac taaagcaagg axgcccacc 1 8000 
acccgtccca tcgcgcccat ggdaccgga gtgctgggcc agcacacacc cgtaacgctg 1 8060 
gacctgcctc cccccgccga cacccagcag aaacc^tgc tgccaggccc gaccgccgtt 1 8 120 
gttgt3acccgtcct^cx^<gcgucc^cgccgf^cga:agcggia:g€^ 18180 
cggcccgtagccagtggc^axtggcaaagcacac^aacagcatcgtgggtctgggg 18240 
caatccctga agcgccgat^ atgcttctga tagctaacgt gtcgtatgtg tgtcatgtat 1 8300 
gcgtccatgt cgccgccaga ggagctgctg agccgccgcg cgca^cttt ccaagatggc 1 8360 
taccccttcg atgatgccgc agtggtctta ca^catc tcgggccagg acgaXiCgga 1 8420 
gtacctgagc cccgggctgg tgcagtttgc ccgcgccacc gagacgtact tcagcc^a 1 8480 
taacaagttt a^aaacoxa cggt^cgcc tacgcacgac gtgaccacag accggtccca 1 8540 
gi^tttgacg ctgc^ttca tccctg^ga ccg^ggat actgcgtaa cgtacaaggc 1 8600 
gc&ftcacc ctagctgti^ gtgataaccg tgtgc^^ atggctboa tgtaM^ 1 8660 
cata^cggf:gtgckgg9caggggooctactm23igpo^ 18720 
cgcicctggctcjocaagggtgcoocaaatccttgcgaa^ga^^ 18780 
tgaaa^ajaiacciasaagaag^^gxgaitgai^^^ 18840 
gcagcaaaaa sctcacgtat ttgggcaggc gctttattct ggtataaata ttacaaagga 18900 
^gtattcaaat^g^fcgaagguaaacacctaaam 18960 
tgaacaxaa ataggagaat ctcagtggta qgaaacagaa attaatcaf;^ cagctggg^ 1 9020 
agtcctaaaa aagactaccc caatgaaacc atgttaqggt tcatatgcaa aacccacaaa 1 9080 
tgaaaatgga gggcaaggca ttcttgtaaa gcaacaaaat ggaaagctag aaagtcaagt 19140 
ggaaatgcaa tttttctcaa ctactgaggc agccgcaggc aatggtgata acttgactcc 1 9200 
taaagtggta ttgtacagtg ^agat^ga tatagaaacc ccagacactc atatttctta 1 9260 
catgcccact attaaggaag gtaactcacg agaactaatg ggccaacaat ctatgcccaa 1 9320 
caggcctaat tacattgctt ttagggacaa ttttattggt ctaatgtatt acaacagcac 1 9380 
gggtaatatg ggtgtxctgg cgggccaagc atcgcagttg aatgctgttg tagatt^ca 1 9440 
agacagaaac acagagcttt cataccagct tttgcttgat tccattggtg atagaaccag 1 9500 
gtacttttct atgtggaatc aggctgttga cagctatgat ccagatgtta gaattattga 1 9560 
aa^tcatgga actgaagatg aacttccaaa mt^tgcttt ccatxgggag gtgtgattaa 1 962Q 
tacagagact cttaccaagg taaaacctaa aacaggtcag gaaaatggat gggaaaaaga 1 96S0 
igctacagaa ttttcagata aaaatgaaat aagagttgga aataattt^ cca^gaaat 1 9740 
caatctaaat gcaacctgt ggagaaattt cc^ctcc aacatagcgc tgtatxtg^ 1 9800 
cgacaagcta aagtacagtc cttccaacgt aaaaatttct gataacxxaa acacctacga 1 9860 
ctaca^ac aagcgagtgg tggctcccgg gctagtggac tgctacatta accttggagc 1 9920 
acgctggtcc ct^ctata tggacaacgt caacccattt aaccaccacc gaatgctgg 1 9980 
cctgcgctaccgctcaatgttgctgggcaa^gtcgctatgtgcccttccaat^^ 20040 
gcctcagaag ttctttgcca ttaaaaaca cctutcog ccgggctcat acaoctacga 20100 
gtggaacttcaggaaggatgttaacatggttc^agagctccctaggaaatgacctaBg 20160 
ggttgacggagcagcattaagtttgatagcatt^ccUtacgcQcatct^ 20220 
ggccacaacaccgc<Xcca(:gcttgaggccatgcttagaaa(SBcacaacgacG 20280 
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attaa(^ctatctctccgccgc€aacatgctctaa:aataca^^ 20340 
cmccc^tztccatcccaca^actggecge(mccgcg&^^ 20400 
cctuagactaaggaaaccccatcactgggctcgggctacgacccttauacacctactc 20460 
tggctctata ccctacctag stggaacctt ttacctcaac cacaccttta agaaggtggc 20S20 
cattaccttt gactcttctg tcagctggcc tggcaatgac cgcxAgcttJa cccccaacga 20SB0 
gtttgaaaU3agcgctx:3gt^cggggagggttacaacgttgca:3 20640 
caaagactggtuctggtacaaatgct3gctaact3taacattggctaccagggcttct^ 20700 
tatcccagag agctacaa^ acc^tgta ctccttcttt agaaacttcc agaxatgag 20760 
ccgtca^ g^tgata <taaatacaa ggactaccaa caggtgggca tcctacacca 20820 
acacaacaac tc^tttg ttggctacct tgcccccacc atg(^cgaag gacaggaXa 20880 
ccctgctaac ttcccctatc cgcUatagg caagaccgca gttgacagca ttacccagaa 20940 
aaagttimtgcgatcgcacccttt^cgcatcccattctcc^ 21000 
gggcgcactc acagacctgg gccaaaacct tctctacgcc aadccgccc acgcgOaga 2 W60 
catgactttt gaggtggatc ccatggacga gcccaccctt ctttatgttt ^^mgaagt 2 1 120 
ctt^cgtg gtccgtgtgc accagccgca ccgcggcgtc atcgaaatxg tgtacctgcg 21180 
cacgcccttc tcggccggca acgccacaac ataaagaagc aagcaacatc aacaacagct 2 1240 
gagccatgggctmgtgagcaggaac^aaagccattgtaaagata^gttgtg^ 21300 
ccatattm tgggcaccta tgacaagcgc tttccaggct t^tttctcc acacaagctc 21360 
gatg(^;cca tagtcaatac ggccggtcgc gagactg^g g(^cactg gatggccttt 2 1 420 
gcctggaacc^cactcaaaaacatgctacctctttgagccct^^ 21480 
cgaacaag^ aggtttacca gtttgagtac gagtcactcc tgcgocgtag cgccattgct 2 1 540 
ticttoc£Ccgaccgctgtztaaqsctg^ 21600 
tcggagcagtggactattct^tgcaWtttctcc^ 21660 
actcxxatggatcacaacoc caccatgaac cttattaocggggtxxxaa cucatgac 21720 
axagUxcc agff xagoc caaxtgcgt egcaaoa^ aac^sMta ug L iic c tg 21780 
g^SCSCC3ctqga}ctac£toq 21840 
^gtcacOsaaaaacatstaaaaataa^dctagagaca 21900 
mtanm^cactctcgggtgammaaxxx3ca:t^^ 21960 
aaatcaaagg ggttctgccg cgcatcgcta t&^ccaag gcagggacac gttgcgauc 22020 
tggtgtmgtgctccamaaactcaggcacascc3t^ 22080 
tcactaaca ggctgcgcac catcaccaac gcgtttagca ggtcgggcgc cgatatcttg 22140 
aagtcgf:agttggggcx:tccg(xxXgcg^cgcgagttgcgait^ 22200 
tggaacBcta tcagcgccgg gtggtgcacg ctggccagca (^^ctcttgtc ggagatcaga 22260 
tccgcgtcca ggtcctccgc gttgctcagg gcgaacggag tcaacmgg tagctgcctt 22320 
cccaaaaagggcgi^ltgcccaggctttgagttgcaacgcaccgtagtggc^ 22380 
tgaccgtgcc cggUXgggc gttaggatac agcgaXgca taaaagcctt gatctgctta 22440 
aaagcca(xtgagcctttgcgccucagagaagaaca^ccgcaagacttgccggaaaac 22500 
tgattggccg gacaggccgc gU^tgcacg cagcacct^ cgtcggtgtt ggagatctg^ 22560 
accacatttc g^cccaccg gttcncacg atcttggcct tgctagactg ctccttcagc 22620 
gqScgctgcc cgtttu^a<^tcacaUx:atttcaatca cgtgaaxt atttatcata 22680 
atgcttCQ^ gtagacacu aagctx^cct ti^tctcag cgcagcggtg cagccacaac 22740 
gcgcagcccg tgggctcgtg atgcttgtag gtcacctctg caaacgactg caggu^ 22800 
tgcaggaatc gccccatcat cgtcacaaag gtcttgttgc tgg^ggt cagc^ac 22860 
aigf^gtgacct^fxcagccaggtjcxtgcatacg^ 22920 
ggagtagntgaagtugcctttagat^ttatccacgtggtacttgtccatcagcg^ 22980 
cgcgcagcct ccatgccctt ctcccacgca gacacgatcg gcacactcag cgggttcatc 23040 
ac<^mcactttccgcucgc^ggcMtaxmcact^cgtc^ 23100 
cgcgccactg ggtcgtcttc attcagccgc cgcacXgtgc gcttacctcc tt^cca^c 23 160 
ttgattagca ccggtgggtt gctgaaaccc accatt^ gcgccacatc ttctctttct 23220 
tcctcgctgtccacgattacct(X^;^tgg<^gcgctt^ggcttgaf^B3aggg(^c 23280 
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Ucttttta tcttggg(^c aatggccaaa tccgccgccg aggtx^tgg ccgcgggc^ 23340 
egtgfgcgcggc^a:agcgcgtcttgtgatgagtcttcacgtcct^ 23400 
(^icctcata: gcttttttgg gggcgcccgg ggaggc^cg gc^ 23460 
acgtcctccatggttgggggacgU^cgccgcac(^(^ccg^ctcgggggtggt^ 23520 
(^ctgcuct cttca^ct ggccatttcc ttctcctata ggcagaaaaa gatcatgg^g 23580 
tcagu^iaga agaaggacag cctaaccgcc ccctictgagt tcgccaccac cgcxxccacc 23640 
gatgccgcca acgcgcctac caccttcccc gtcgaggcac ccccgct^a ggaggaggaa 23700 
gtgattatcg agcaggaccc aggttttgta agcgaagacg acgaggaccg ctcagtacca 23760 
acagagg^ta aaaagcaagaxcaggacaac gcagaggcaa acgaggaaca agtcgggcgg 23820 
ggggacgaaa ggcatgg<^a ctacctagat gtgggagacg acgtgctgtt gaagcatctg 23880 
cag<^cagtgcgccattatctgcgacgcgt^caagagcgcag^tgtgcccctcg(x 23940 
atagcggatg tcagccttgc cta<^acgc cacctanct cac<g(^;cgt accaxcaaa 24000 
cgccaagaaa acggcaca^ <^gcccaac ccgcgcctca acttctaccc cgtatttgcc 24060 
gtgaagagg tgcttgccac ctatcacatc tttttccaaa actgcaagat acccctatcc 24120 
tgc^fgccaaccgcagccgagcggacaagcagctggccttgcggcagggcgctgtcata 24180 
cctgatat<^cctcgctcaa cgaagtgm aaaatxmg agggUXXgg acgcgacgag 24240 
aagcgcgcgg caaacgoa gcaacaggaa aacagcg^aa a^^aagtca ctctggagtg 24300 
ttggt^ct^gggtgacaa(^(:g(^ctagccgtactaaaa<^gcatcga^ 24360 
actxacmg cctacoqesc acttaaccta ccccccaagg tcatgagcac agtcatgagt 24420 
gagc^tcg tgcga^tgc gcagcccctg gagagggatg caaatttgca agaacaaaca 24480 
gaggag^cctaaxgcagttggf:ga<^ecagct^cgcgai^cttcaaacg(^ 24540 
cctg^ct tggaggagcg acgcsaaOa atgatgga^ cagt^cgt Uccgtg^g 24600 
cttgagtgcatgcagcggaattgctgacccggagatgcagcgca^ 24660 
ttgcaaacacxttu^acagggasxgtzcgc^ 24720 
ctftgcascr tg^rfrrt^ <Ktfggaat t ftgr u fga a a y^gPT tfj jg gmmfgtg 24780 
cttcattccacscecaag&^csa^^ 24840 
mcta(gctacaaiagcai3<S8c^ 24900 
3acctcaagg agctgcagaa actgctaaagcaaaacttga agga(xta 24960 
aa(:gagcgaccgtggcx^gcaa:tgg(^gacatcamtc^ 25020 
ac<xtgcaacagggtc^agactta:aa:agtcmgcatgt^gaa 25080 
tttatcctagagcgctcaggaatct^cxx:gccaaxgctg 25140 
gtgcccatta agtaa^<^ atgccctc^ LC g i Utg g g gccactgcta ccactgcag 25200 
ctagccaact accttgcOa ccactc^c ataatggaag aqgtgagt^ tgacggtcta 25260 
ctggagtguactgtcgctgcaacctatgcaccccgcaccgcucctggtt^ 25320 
cagctgctta acgaaagtca aattatcggt acctttgagc tgcagggtcc ctcgcctgac 25380 
gaaaagtc^cggctccggggttgaaactcactc<^gctg^cgtcggcttacctt 25440 
i^aatttg tacxXgagga Ozccacgcc cacgagatta ggttctacga agaccaatcc 25500 
cgcc<^(xta atg(^gct taccgcctgc gtcattaccc agggccacat tcttggccaa 25560 
ttgaagcca tcaacaaagc ccgccaagag tttctgctac gaaagggacg gggggtttac 25620 
ttgiatcccc agtc<^gcga ggagctcaac ccaatccccc <^^c<gca gccctatcag 25680 
ca&:ag€cgca&xxxtgcttcccaggatggcacccaaaaagaagctgcagc 25740 
gccacccacg gacgaggagg aatactggga cagtcaggca gaggaggm tggacgagga 25800 
ggaggaggac atgatggaag actgggagag cctaga(^g gaagcttccg aggtcgaaga 25860 
ggtgtcagac gaaacaccgt caccctcggt cgcattcccc U^cc^cgc cccagaaatc 25920 
ggcaac<^gt tccagcatfig ctacaacctc cgctcctag gcgccgccgg cac^ccgt 25980 
tcgcqgaccc aaccgtagat gggacacac tggaaccagg gccggtaagt ccaagcagcc 26040 
gc<^c<gtta gcccaagagc aacaacagcg ccaa^ctac (^ctca^gc gc^ggcacaa 26 1 00 
gaacgccata gt^cttgct tgcaagactg tgggggcaac atctcctu^ cccgcicgctt 26 1 60 
tcttctctaccatca^gcgtggccucccc<:gtaacatcctgcattaaac<^^ 26220 
ctacagcca tactgcac^ gcggca^gg cagcaacagc agcgga^ca cagaagcaaa 26280 
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' ggcgaccgga t3gc3Bgaa ctgacaatagc ccaagaaatc cacagcggcg gcagcagcag 26340 
gaggaggagcgctgcgtctggf^pDCBacgaaca^tcgacccg^ 26400 
ggamttcc cactctgtat gctatatttc aacagagag gggccaagaa caagagctga 26460 
aaataaaaaa caggtctctg cgatccctca cccgcagctg cctgtatcac aaaagcgaag 26520 
atjcagcttcggf^cgctg gaagacgt^g aggctctctt cagtaaatac tg^cgctga 26580 
ctataaggactagtttt^gcamacaaamaagcg(^aaactacgtc^ 26640 
ag(^gccacacccggcgcca^cctgttgtcagcgccattatgagcaaggaaatUcca 26700 
cgaxtacat gtggagttac cagccacaaa t^gacttgc ggctggagct gcccaagact 26760 
aacaacccg aataaactac atgagcgcgg gaccccacat gatatcccgggtcaaq^a 26820 
ta(^(^ccca a^aaccga attctcctgg aacaggc g gc tattaccacc acacctcgta 26880 
ataacctta^tccccgtagttggcccgctgccdggtgtaccaggaaagtcc^ 26940 
ccactgtggtactUoiagagacgcccaggccgaagttcaga^ctaactca^gcgc 27000 
ag(Xtgf:ggg cggMtcgt cacagggtgc ggtcgcccgg gcagggtata actcaccxga 27060 
caatcagaggg<^ggtattfagctaia<^acgagfcggtgagcuxxcgc^^ 27120 
gtccggacgg gacatttcag atcggcggcg ccggccgctc ttcattca^ cctcgtcagg 27180 
caatcctaac tctgcagacc tcgtcctcxg agccgcgctc tggaggcatt ggaacXctgc 27240 
aattuttgassagtttgtgccatx^gtctacntaaccccttc^^ 27300 
actatccgga tcaatttatt cctaactttg acg(^;taaa ggactcggcg gacggctacg 27360 
actgaatgtt ataagttcct gtccatccgc acccactatc ttcatgt^ tgcagatgaa 27420 
gcgcgcaaga ccgtc^ag ataccttcaa cca^^t ixatatgaca cggaaacc^ 27480 
tcctccaactgtgamuuactcctccctttgtaM 27540 
tccax^gtactctiMtgcgcctatccgaac^^ 27600 
tgcgcticaaa atgggcaai^ gcctctcm ggac^ 27660 
^taaocaa gtgagcocac ctrtcaaaaa aacxaagtca aaataaaoc tggaaatatc 27720 
tgcaocDctcxagftxxtcagaa^^ 27780 
c^gggcaacacacuacatgcaatscacaggo^ 27840 
tagcattgcc acccaaggac axtX3cagt gtcagaagga aagctagccc tgcaaxatc 27900 
aggaxcctcaccaccaa^atagcagUcccttactatcactgcctcacc^^ 27960 
tactgaauggtagcttgggcat^acttgaaagagcaiamatacacaaaat^^ 28020 
actaggactaaagtstcggggaccmgcBtgtax^ 28080 
agcaactggtccaggtg^ctattaataatacttccttgcaaactaaagt^ 28140 
cttgggmgattcacaaggcaatatgcaacUaatgtagcaggagga^ 28200 
uacaaaacagacgattatact^tgttagttata:gmga^ctcaaaaccaact 28260 
aaatctaaga cta^cagg gccctctm tataaactca g(xcacaact tggatattaa 28320 
ctacaacaaaggamacttgtttacagcUcaaacaattccaaaaagcttgaggttaa 28380 
cctaagcaa gccaaggggt tgatgtttga cgctacagcc atagccatta atgcaggaga 28440 
tgggcttgaa tttggttcac ctaatgcacc aaacacaaat cccctcaaaa caaaaattgg 28500 
cca^gccta gaatt^tt caaacaaggc tatggtt€Ct aaactaggaa ctggccttag 28560 
ttttgacagc acaggtgcca ttacagtagg aaacaaaaat aa^taagc taactttgtg 28620 
gac(2!caccagaa:atctcctaactgtagactaaa^ca^^ 28680 
tt^gtcua acaaaatgtg gcagtcaaat acttgctaca gmcagttt tggctgtxaa 28740 
aggcagtttg gctccaatat c^gaacagt tcaaag^ catcttatta taagatttga 28800 
cgaaaatgga gtgctactaa acaattcctt cctggaccca gaatattgga actttagaaa 28860 
tggagatctt actgaaggca cagcctatac aaacgctgtt ggatttatgc ctaaatatc 28920 
agcttatccaaaatacat^gtaaaactgccaaaagtaacattgtcagtcaagtttactt 28980 
aaacggagac aaaactaaac ctgtaacact aaccattaca ctaaacggta cacaggaaac 29040 
aggagacaca actccaag^ catactctat gtcattttca tgggact^gt ctggccacaa 29 100 
ctacattaat gaaatatttg ccacatcctc ttacactttt tcatacattg cccaagaata 29160 
aagaatcgtt ^tgttatgt tUaat^ ttatuttca attgcagaaa atttcaagtc 29220 
atmtcatt cagtagtata gccccaccac cacatagOt atacagatca a^atta 29280 
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atcaaactca cagaacccta gtattcaacc tgccacctcc ctcccaacac acagagtaca 29340 
cagtccmc tccccggc^ gccttaaaaa gcatcatatc atgggtaaca gacatattct 29400 
taggt:gttatanccaca<^gmcctgtcgagccaaa(^ctcatcagtgatamataa 29460 
actcc€c^ agctcam aagttcatgt cgctgtccag c^ctgagcc aca^ctgU 29520 
gtcmcttgcggttgcttaacgggcggcgaaggagaagtccacg^catgg 29580 
agtcataatc gtgcatcagg ata^(^ ggtgctgcag cagcg(^^ ataaactgct 29640 
gccgaiga^ctc^tcctgcaggaatacaaca^gcagtggtxtcctcag^^ttc 29700 
gcaccgax^cagcataaggcgccttgtccta^ggcacagcagcgcaccct^ 29760 
ttaaatcagc acagtaactg cagcacagca ccacaatatt gttcaaaatc ccacagtgca 29820 
agg(^iCtgta tccaaagctc atggcggg^ ccacagaacc cacgtggcca tcataccaca 29880 
agcgcaggf^ gattaagt^ c^cccctca taaacacgct ggacataaac attacctctt 29940 
ttggcatgtt gtaattcacc acctcccggt accatataaa cctctgatta aacatggcgc 30000 
catccaccac catcctaaac cagct^gcca aaacctgccc gc<^ctata cactgcaggg 30060 
aaccgggact ggaacaatga cagtggagag cccaggactc gtaaccatgg atcatcatgc 30 120 
tcgtcatgat atcaatgftg gcacaacaca ggcacacgtg catacacttc Cbcaggatxa 30 1 80 
caagctcd^ ccgcgttBga accatatccc agggaacaac ccaucctga atcagcgtaa 30240 
atcccacact gcagggaaga cctcgcacgt aactcacgtt gtgcattgtc aaagtgttac 30300 
attcgggcagcagcggatgatcctcicagtatggtagcgcgggtt^^ 30360 
gtaga<&tcatac^cggagtgcga:gagacaac(^agatx^fg^ 30420 
tcatgccaaa tggaacgccg gacgtagtca tatttcc^ agcaaaacca ggtgcgggcg 30480 
tgacaaacagatctgcgtaa^stctcgccgcttagatcgcxc^ 30540 
tatatccaactctcaaagcatccaggcgccccctggMcgsst^ 30600 
tcatgcgccg ctgcoctgat aacatccacc aoqgc^gaat aagcx^cacc cagocaacct 30660 
acaca£tcgttctgcgagtcaaKacggga 30720 
UUiUtat tocaaa^at tatocaaaac ctcaaaa^ ^atctatta ag^aacgcg 30780 
c tcoccta:ggfS gf g t g gt caaxtax3^^ 3084O 
atgttgcaca atggcttoca aaaggcaaac ^ccctcacg tcxaagtgga t^aagga 30900 
^ascccttca gggtgaata cctctataaa cattc^ 30960 
attctcatct cgccaccttc tcaatatatc tctaagcaaa Uxcgaatat taagtcc^ 3 1020 
cattgtaaaa atctgctcca gagt^ccctc caccttcagc ctcaagc^ 31080 
tgcaaaaattcaggttaxcaa^acctgtataagatuaaaag(sgaaca 31140 
ataccgiqgat cccgtaggtc crt tc gcagg gccagctgaa cataatcgtg ca^;tctgca 31200 
cggaccagcg (^gtxacttc cccgccagga accatgacaa aagaacccac actgattatg 31260 
acacgcatac t^gagctat gcxaaccagc gtagccccga ^agct^ ttgcatgggc 3 1320 
ggcgatataaaatgcaaggtgctgctcaaaaaatcaggcaaagcctK^caaaaaagaa 31380 
agcacatcgt agtcatgctc atgcagataa aggcaggtaa gctccggaac caccacagaa 3 1 440 
aaagacacca mttctctc aaacatgtct gcgggtUct gcataaacac aaaataaaat 3 1 500 
aacaaaaaaa catttaaaca ttagaagcct gtatacaac aggaaaaaca acccttataa 3 1 560 
gcataagacg gactacggcc atgccgg<^ gaccgtaaaa aaac^gtca c<^^ttaa 3 1 620 
aaagcaccac cgacagctcc U^catgtxcggagtcat aa^agac tcggtaaaca 3 1680 
catcaggttg attcacatcg gtcagtgcta aaaagcgacc gaaatagccc gggggaatac 3 1 740 
atacccgcag gcgtagagac aacattacag cccccatagg aggtataaca aaattaatag 3 1 800 
gagagaaaaa cacataaaca cctgaaaaac cctcctgcct aggcaaaata gcaccctccc 3 1 860 
gctccagaacaacatacagcgcttccacagcggcagccataacagtcagccttaccagta 31920 
aaaaagaaaa cctattaaaa aaacaccact cgacacggca ccagctcaat cagtcacagt 3 1 980 
gtaaaaaagg gccaagtgca gagcgagtat atataggact aaaaaatgac gtaacggtta 32040 
aagtccacaa aaaacaccca gaaaaccgca cgcgaaccta cgcccagaaa cgaaagccaa 32 100 
aaaacccaca acttcctcaa atcgtcactt ccgttttccc acgttacgtc acttcccatt 32 1 60 
ttaagaaaac tacaattax aacacataca agttactccg ccctaaaacc tacgtcaccc 32220 
gccccgttcccacgcca:gcgccacgtcacaaacucaccccctcattatcatattggct 32280 
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tcaatcaaa ataaggtata ttattg^tga tgttacatcg ttaaUaacg atttcgaacc 32340 
cggggtaccg aattaxc^ gfctagagga gfstgf^ 32400 
agtcgtatta caattcactg gccgtcgm tacaacgtcg tgactgggaa aaccctggcg 32460 
ttacccaaataau^cmgcagcacaUccccttU^cagctggi^aatagcgaag 32520 
aggcccgcac cs^tcgcxxt tccatacagt tgcgcagtxt gaatggcgaa tggaaattgt 32580 
aagcgttaatattt^ttaaaancgcgnaaatttt^taaatcagacamt^ 32640 
ccaataggcc gaaatcggca aaatccctta taaatcaaaa gaatagaccg agatagggtt 32700 
gagtgt^ ccagtttgga acaagagtcc actattaaag aa(^;^gact ccaa^tcaa 32760 
^ggcgaaaa accgtctatc agggcgatgg cccactacgt gaaccatcac cctaatcaag 32820 
tttmgggg tcgaggtgcc gtaaagcact aaatcggaac cctaaaggga gcccccgatt 32880 
tagagcttga cggggaaa&: cggcgaacgt ggcgagaaag gaagggaaga aagcgaaagg 32940 
^S<^gg^ag^€^(Xggcaag^gcggtca(^ctgcg(^accaccacaca^ 33000 
^^<^cttaatgt^<gctac3^cg(&cctga^<^atm 33060 
tgcggtattt cacaccgcat acaggtggca cttttcgggg aaatgtgcgc ggaaccccta 33 120 
tttgtttatt tttctaaata cattcaaata tgtauxga catgagacaa taaccctgat 33 1 80 
aaatgcttca ataatattga aaaaggaaga gtatgagtat tcsacatttc cgtgtcgccc 33240 
ttatuccuttttgcggcatmgccttcctgtttttgctcacca^ 33300 
aagtaaaaga tgctgaagat cagttgggtg cacgagtggg ttacat^a ctggatctca 33360 
acagcggtaa gataxtgag agttttcgcc ccgaagaac^ ttttccaatg atgagG 33420 
ttaaagtta gctatgtggc gcggtattat cccgtattga cgccgggcaa gagcaactcg 33480 
gtqgcqgcat acactattct cagaatgatx tggttgagta ctcaca^gtc acagaaaagc 33S40 
atcttacgga tggcatgaca gtaagagaat tatgcagtgc tgccataacc atgag^ta 33600 
acactgiqggc caacttacU ctgacaacga tcggaggacc gsaggagcta accgcmti 33660 
^caacatasgatcat'gtaacUgcct^sat)^^ 33720 
ccstaaaaacgacgagcgtgsacaccxgatgo^ 33780 
sactamac tmsaxtaatstc^^ 33840 
aggc;^ataa ag ttgcagga ccacttctgc getcggccct t jc cggctggc ^gtttat^ 33900 
ctgstas atc tsg ag xxggi gagcgtgggf, ct x ^gta t cattgcagca ctg^gccag 33960 
at&taagccaca^imcgtBgttatctacxgacggg^^^ 34020 
aac^tagacagatcgagagataggtgcctcactgattaagcattgg^ 34080 
accaagtttactx^tatatacttta^t^atttaaaaatcamttaa^^ 34140 
tctaggtgaagatccmttgataatctca^ccaaaataxttaacgt 34200 
tccactgagc gtcagacccc gtagaaaaga tcaaaggatc ttcttgagat c ciUUUc 34260 
tgcgcgtaat ctgctgcttg caaacaaaaa aaccaccgct accagcggtg g utgtitg c 34320 
cggatcaaga gctaccaaa ctttttccga aggtaactgg cttcagcaga gcgcagatac 34380 
caaatactgt tcttctagtg tagccgtagt taggccacca cttcaagaac tctgtagcac 34440 
<^atacatacc^^ctctgctaatcctgttaccagtggctgctgccag^ 34500 
cgtgtcttac cgggttggac tcaaga(^t agttaccgga taaggt^cag cggtcgggct 34560 
gaacgggggg ttcgtgcaca cagcccagct tgga^ac gacctacacc gaactgagat 34620 
acc^cag(^ ^gcta^ gaaagcgcca cgfftcccga agggagaaag gcggacaggt Jf 680 
atccggtaag cggcagggic^ggaacagg^g agcgcacgag ggagcttcca gggggaaacg ^4740 
cct^tattatagtcagt(^gtttcgccacactgacttgag(^K^mt^ 34800 
gatgctcgtc aggggggcgg agccta^ aaaacgccag caacgcggcc txmacggt 34860 
t<xtgg<xttttgctggcamgacacatgttcmcctgcgt^ 34920 
tggataaccgtamccgcctttgagtgagctgataccgcU^cgcagccgaacgaccg 34980 
agcgcagcga gtcagtgagc gaggaagcgg aagagcgccc aatacgcaaa ccgcctctcc 35040 
ccgcgcgttggccgattcat taatgcagct ggcacgacag gtttcccgac tggaaagcgg 35100 
gcagtgagcg caacgcaatt aatgtgagtt agctcactca ttaggcaccc caggdttac 35 1 60 
actttatgct tccggctcgt atgttgtgtg gaattgtgag cggataacaa tttcacacag 35220 
gaaacagcta tgacxa^t tacgccaagc tatttaggtg acactataga atactaagc 35280 
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tagttaatta a^ttaatta acatcatcaa taatatacct tattttgigat ^agccaat 3S340 
atgataa^g^ggtggagtttgtgacgtggcg^^gggcgtgggaacgggg<^g^c 35400 
8fagtagtgtggqBgaBgtgtgstgttgcaag^^<^aacacamaa8(^<^at 35460 
gtggcaaaag tgacgttttt ggtgtgcgcc ggtgtacaca ggaagtgaa attttcgc^ 35520 
ggttttaggcggatgttgtagtaaatttgggcgtaaccgagtaagatt^gccatt^ 35580 
c^gama gaataagagg aagtgaaatc ^taatit tgtgttactc atagcgcgta 35640 
atctctagcat 35651 
<212> TypezDNA 
<2U> Length: 35651 

SequenceName : SEQ ID No. 1 

SequenceDescription : 

Custom Codon 

* Sequence Name : SEQ ID No. 1 
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